STUDY MATERIAL FOR CLASS XII PHYSICS PART II CONTD. FROM P 146 OF PART I 

6(a) REFLECTION, REFRACTION AND DISPERSON OF LIGHT

IMPORTANT CONCEPTS
	1. Reflection of Light 




When a ray of light falls on any surface, a part of the light is sent back to the same medium. This phenomenon where the incident light falling on a surface is sent back to the same medium is known as reflection. 

There are two types of reflection of light:

Regular reflection 

Irregular reflection 

Regular Reflection


Regular Reflection on a Smooth Surface

Regular reflection takes place when a ray of light is incident on a polished smooth surface like a mirror. Here the reflected ray of light moves only in a fixed direction. 

Irregular Reflection or Diffused Reflection
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Diffused Reflection on a Rough Surface

Irregular reflection or diffused reflection takes place when a ray of light is incident on a wall or wood, which is not smooth or polished. In this case, the different portions of the surface reflect the incident light in different directions. In such cases no definite image is formed, but the surface becomes visible. It is commonly known as scattering of light. Thus diffused reflection makes non-luminous objects visible. 

2. The Laws of Reflection:

The reflection at any plane surface is found to obey the laws of reflection. The laws of reflection are:

(i)  The incident ray, the reflected ray and the normal at the point of incidence lie in the same plane. 

(ii) The angle of incidence is equal to the angle of reflection.

	3. Spherical Mirrors 




A mirror whose polished, reflecting surface is a part of a hollow sphere of glass or plastic is called a spherical mirror. 

In a spherical mirror, one of the two curved surfaces is coated with a thin layer of silver followed by a coating of red lead oxide paint. Thus, one side of the spherical mirror is opaque and the other side is a highly polished reflecting surface. In a diagram the opaque side of a mirror is always shown shaded.

Depending upon the nature of the reflecting surface of a mirror, the spherical mirror is classified as:

Concave mirror 

Convex mirror 
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4. Concave Mirror

Concave mirror is a spherical mirror whose reflecting surface is towards the center of the sphere of which the mirror is a part.

5. Convex Mirror

Convex mirror is a spherical mirror whose reflecting surface is away from the center of the sphere of which the mirror is a part.

6. Center of Curvature
Center of Curvature is the center of the sphere of which the spherical mirror forms a part. It is denoted by the letter C. 

7. Radius of Curvature
Radius of Curvature is the radius of the sphere of which the mirror is a part. It is represented by the letter R. 

8. Linear Aperture
Linear aperture is the distance between the extreme points on the periphery of the mirror.[image: image2.png]Concave Mirror

Convex Mirror





9. Pole
Pole is the midpoint of the aperture of the spherical mirror. It is represented by the letter P.
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10. Principal Axis
Principal axis is the straight line passing through the pole and the center of curvature of a spherical mirror.

11. Normal
The normal at any point of the spherical mirror is the straight line obtained by joining that point with the center of curvature of the mirror. The normal at point A on the mirror is the line AC obtained by joining A to the center of curvature of the mirror. Normal at any point on a spherical mirror is equal to the radius of the sphere of which the mirror is a part.
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12. Principal Focus or Focus
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The principal focus of a spherical mirror may be defined as a point on its principal axis where a beam of light parallel to the principal axis converges to or appears to diverge from after reflection from the 

13. Focal Length
Focal length is the distance between the pole and the focus of a mirror. It is represented by the letter f. 

14. Characteristics of Focus of a Concave and a Convex Mirror

	 Convex Mirror
	 Concave Mirror

	 The focus lies behind the mirror
	 The focus is in front of the mirror

	 The focus is virtual as the rays of light after reflection appear to come from the focus
	 The focus is real as the rays of light after reflection converge at the focus
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	Top of Form

Bottom of Form

	15. Mirror Formula (Concave Mirror) 




Mirror formula is the relationship between object distance (u), image distance (v) and focal length. 
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Derivation

The figure shows an object AB at a distance u from the pole of a concave mirror. The image A1B1 is formed at a distance v from the mirror. The position of the image is obtained by drawing a ray diagram. 

Consider the D A1CB1 and D ACB
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[When two angles of D A1CB1 and D ACB are equal then the third angle [image: image9.png]£B1A1C = ZBAC]
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But ED = AB 
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From equations (1) and (2) 
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If D is very close to P then EF = PF 
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But PC = R, PB = u, PB1 = v, PF = f 

By sign convention

PC = -R, PB = -u, PF = -f and PB1 = -v 
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Equation (3) can be written as
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Dividing equation (4) throughout by uvf we get
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Equation (5) gives the mirror formula 

	Top of Form

Bottom of Form

	16. Mirror Formula (Convex Mirror) 
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Similarly as above, mirror formula for convex mirror can be derived.

17. Refraction of Light

	

	When light passes from a transparent medium of one density (such as air) to a transparent medium of a different density (such as glass), its speed is altered causing the light rays bend slightly. This bending of light is called refraction. The degree of refraction depends both upon the density of the refracting medium and the wavelength of the light that is being refracted.

	

	As we can see from the Figure, the line between one medium and another is called the boundary. The incoming light ray is called the incident ray. The "normal" is an imaginary line at the point of entry of the incident ray, perpendicular to the boundary.  After passing the boundary, the light ray is called the refracted ray. 
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Figure 
When light passes the boundary of two mediums of different densities; the light is refracted due to the change in its velocity.


 18. Snell's law:

Snell's Law relates the angles of incidence and refraction, for a light ray that passes between two media of different refractive indices.

The refractive index of a medium is the speed of light in vacuum divided by the speed of light in the medium: 

. It is the "optical density" of the medium. It is always greater than 1.

Snell's law:
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or equivalently:




19. Total internal reflection:
optical phenomenonTotal internal reflection is an  that occurs when a ray of light strikes a medium boundary at an angle larger than a particular critical angle with respect to the normal to the surface. If the refractive index is lower on the other side of the boundary, no light can pass through and all of the light is reflected. The critical angle is the angle of incidence above which the total internal reflection occurs.

20. Optical fiber:
A flexible optically transparent fiber usually made of glass or plastic, through which light can be transmitted by successive internal reflections.

21. Dispersion of Light:

The speed of light is slower in various materials than it is in a vacuum or outer space. When the light passes into a material at an angle, the light beam is bent or refracted according to Snell's Law and the index of refraction of the material. But also, the speed of light through a material varies slightly with the wavelength or frequency of the light. Thus, each wavelength is refracted at a slightly different angle when passing through a material at an angle. This spreading out of the beam of light is called dispersion or chromatic dispersion. This can be seen when sunlight passes through a glass prism.
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Prism spreading white light into a spectrum of light

VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1 MARK EACH)

1.   What is the angle of incidence when a ray of light falls normally on a mirror?

      Ans.  Zero degree.

2.   Which mirror is divergent, convex or concave?
        Ans.  Convex mirror is divergent.

3. What is the relation between f and R of a spherical mirror?                                                        Ans.  f = R / 2.
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4. When does a concave mirror form a virtual image?                                                               Ans.  When the object is placed between the pole and principal focus of the mirror.
5. A candle is held 3 cm away from a concave mirror of radius of curvature 24 cm. Where is the image formed? What is the nature of the image?                                                    Ans.  Here, u = - 3 cm, R = - 24 cm, so f = - 24/2 = - 12 cm and v =? Applying the Mirror Formula: 1/v +1/u = 1/f, we get: 1/v = 1/f – 1/u                                                                   i.e.1/v = 1/ -12 + 1/3 = 1/4, or v = + 4 cm. Image is virtual, erect and magnified.
6. What is the formula for linear magnification for spherical mirrors?                               Ans.  m = h2 / h1 = - v/u = (f – v) / u = f / (f – u).
7. Which of the following does not change when light goes from one medium to the other: Frequency, wavelength, speed and intensity?                                                     Ans.  Frequency does not change.
8. For which medium is refractive index (i) minimum (ii) maximum?                                        Ans.  Refractive index is minimum (n or μ = 1) for vacuum and is maximum (n or μ = 2.42) for diamond.
9. Can total internal reflection occur when light travels from a rarer to a denser medium? Ans.  No, it cannot occur.
10. Does critical angle depend on colour of light?                                                                    Ans.  Yes, it depends.
11. What causes brilliance of diamond?                                                                                    Ans.  Multiple total internal reflection of light within the diamond.
12. What is the cause of refraction of light?                                                                             Ans.  Change in the velocity of light on change in the medium.
13. A lens when immersed in a transparent liquid becomes invisible. Under what condition does it happen?                                                                                                                         Ans.  When refractive index of the liquid is equal to refractive index of material of the lens.
14. What is critical angle for a material of refractive index √2?                                                   Ans.  From sin C = 1/ μ = 1/√2. Therefore C = 45o.
15. What is the wavelength region of visible spectrum?                                                                      Ans.  3800  o A to 7600 o A.
16. Which colour deviates (i) most (ii) least on passing through a prism?                                    Ans.  Violet colour suffers maximum deviation and the red colour suffers the least deviation.
6(b)      OPTICAL INSTRUMENTS:

IMPORTANT CONCEPTS
1.  Refraction of a spherical surface and coaxial spherical system:

Refraction of a spherical surface

When the boundary of two media is a spherical surface, light refraction is called refraction of a spherical surface. [image: image244.png]Alightwaveislnom
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Fig. showing the refraction of a spherical surface
We consider the paraxial rays only which agree with
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Where ( is the angle between the ray and line axis. Because of ( is small, the angles i1 and i2 should be also small. Based on the law of reflection, we get
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From the figure we know:
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So we have 
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According to Fig. 7.2, we know 
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As we stated above, we only consider the coaxial rays. So the angles of (, ( and ( are very small and ( is very small comparing with u (object distance), v (image distance) and r (curvature radius of the spherical lens). So we have
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So finally we obtain the formula
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This is the equation of single spherical surface. It can be applied to all kinds of spherical surfaces, such as transparent and reflected surfaces, concave and convex surfaces. Using sign convention: object distance as –u, image distance as +v and radius of curvature as + r, than the formula is given by:

                      - 
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	2. Lens Maker's Formula:

	[image: image43]

	It is a relation that connects focal length of a lens to radii of curvature of the two surfaces of the lens and refractive index of the material of the lens.

	 

	The following assumptions are made for the derivation:

	 

[image: image44.jpg]


The lens is thin, so that distances measured from the poles of its surfaces can be taken as equal to the distances from the optical centre of the lens.

[image: image45.jpg]


The aperture of the lens is small.
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Point object is considered.
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Incident and refracted rays make small angles.

                                                                    154                                                         Contd…155                                                                   

	[image: image48.png]



Consider a convex lens (or concave lens) of absolute refractive index μ2
to be placed in a rarer medium of absolute refractive index μ1.
.

Considering the refraction of a point object on the surface XP1Y, the image is formed at I1 who is at a distance of V1.

CI1= P1I1 = V1 (as the lens is thin)

CC1 = P1C1 = R1
CO = P1O = u

It follows from the refraction due to convex spherical surface XP1Y
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The refracted ray from A suffers a second refraction on the surface XP2Y and emerges along BI. Therefore I is the final real image of O.

Here the object distance is
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(Note P1P2 is very small)
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(Final image distance)

Let R2 be radius of curvature of second surface of the lens.

It follows from refraction due to concave spherical surface from denser to rarer medium that
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Adding (1) & (2)
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	3. Thin Lenses Placed in Contact: 




Let two thin lenses L1 and L2 of focal lengths f1 and f2 be placed in contact so as to have a common principal axis. It is required to find the effective focal length of this combination. Let O be a point object on the principal axis. The refractions through the two lenses are considered separately and the results are combined. While dealing with the individual lenses, the distances are to be measured from the respective optic centers; since the lenses are thin, these distances can also be measured from the center of the lens system (point of contact in the case of two lenses). Let u be the distance of O from the center of the lens system. Assuming that the lens L1 alone produces the refraction. Let the image be formed at I at a distance v. Writing the lens equation in this case, we get 
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The image I' due to the first lens acts on the virtual object for the second lens. Let the final image be formed at I, at a distance v from the center of the lens system. Writing the lens equation in this case, we get, 
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Adding equations (i) and (ii) we get 
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Let the two lenses be replaced by a single lens which can produce the same effect as the two lenses put together produce, i.e., for an object O placed at a distance u from it, the image I must be formed at a distance v. Such a lens is called an equivalent lens and its focal length is called the equivalent focal length. Writing the lens equation in this case, we get
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Comparing equations (iii) and (iv) we get
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Hence, when thin lenses are combined, the reciprocal of their effective focal length will be equal to the sum of the reciprocals of the individual focal lengths.

Since the reciprocal of focal length represents the power the above equation, in terms of power, may be written as 

P = P1 + P2
Therefore, the power of a combination of thin lenses is equal to the algebraic sum of the powers of the individual lenses. 

4. Magnification 


Magnification is the ratio of the size of the image (hi) to the size of the object (ho) i.e., Magnification produced by a lens can be equal to one, greater than one or less than one depending upon the size and nature of the image.

Power 

 To calculate the power of a lens, we use the relationship that 

[image: image64.png]
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In this formula, the focal lengths are usually measured in meters resulting in the power of the lens being measured in a unit called a Diopter where 1 D = m-1. 

5. Human eye

The human eye is an organ which reacts to light for several purposes.

As a conscious sense organ, the eye allows vision. Rod and cone cells in the retina allow conscious light perception and vision including colour differentiation and the perception of depth. The human eye can distinguish about 10 million colours. 

In common with the eyes of other mammals, the human eye's non-image-forming photosensitive ganglion cells in the retina receive the light signals which affect adjustment of the size of the pupil, regulation and suppression of the hormone melatonin and entrainment of the body clock.

[image: image247.png]OB



The Eye 

Our eye is the most important natural optical instrument. The eye is nearly spherical in shape with a slight bulge in the front part. ..
	6. Defects of Vision 


A normal eye can see all objects over a wide range of distances i.e., from 25 cm to infinity. But due to certain abnormalities the eye is not able see objects over such a wide range of distances and such an eye is said to be defective. Some of the defects of vision are

1. Hypermetropia or long sightedness:  

2. Myopia or short sightedness and 

3. Astigmatism 

4. Presbyopia

1. Hypermetropia or hyperopia is an eye defect in which distant vision is clear while near vision is blurred.

This occurs when the light rays entering the eye converge behind the retina.

Here you can see the formation of image in a normal eye and in a hypermetropic eye. 
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2. Myopia is an eye defect due to which the eye is not able to see distant objects clearly.
This occurs when the light rays entering the eye converge in front of the retina in the vitreous body.
Here you can see the formation of image in a normal eye and in a myopic eye. 
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3. Astigmatism is the most common vision problem resulting in distorted images, as light rays are prevented from meeting at a common focus.
Astigmatism may accompany Hypermetropia or Myopia. This can be corrected by using cylindrical lenses.

4. Presbyopia is caused when the centre of the eye lens hardens making it unable to accommodate near vision. This condition generally affects almost everyone over the age of 50 - even those with myopia. Eyeglasses with bifocal or progressive lenses are prescribed to correct or improve the condition. The contact lenses used by presbyopes are multifocal lenses.

	7. Simple Microscope 


A simple microscope is nothing but a single biconvex lens. It is referred to as magnifying glass. 

Usually the focal length of the convex lens is around 2.5 cm. The object to be viewed through a simple microscope is placed between the optic center and the focus and the image is erect, virtual and magnified.

The figure below gives the ray diagram showing the principle of the simple microscope. From the ray diagram it is clear that the image formed is erect, virtual and magnified. 

8. Magnifying Power of a Simple Microscope
The magnifying power or angular magnification of a microscope may be defined as the ratio of the angle subtended at the eye by the image formed at the distance of the distinct vision to the angle subtended by the object when placed at the distance of the distinct vision. 

The ray diagram shows that the image of the object AB is formed at A1B1. A1B1 is formed at the least distance of distinct vision.

The figure shows that the angle A1OB1 subtended at the eye by the object in the position A1B1 is greater than the angle AOB subtended by it in the position AB. From this it is clear that the eye estimates the angle subtended by an object on it and not the linear size of the object.
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But OB1 = Least distance of distinct vision from the lens or eye = D 

OB = u = distance between the lens and the object
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The distance between the image and the lens is negative as the image is virtual.
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The lens formula for a convex lens is
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Where f is the focal length of the lens
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Multiplying both sides of the equation (1) by v we get 
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In the case of a simple microscope v = -D [image: image83.jpg]
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9. Astronomical Telescope and Compound microscope 

Astronomical telescope: It consists of two convex lenses called objective and eyepiece. The objective is of large focal length whereas the eyepiece is of short focal length. The distance between the two lenses can be adjusted by adjusting the tube which holds the lens.

The ray diagram showing the principle of the astronomical telescope is given below. 
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The rays of light coming from a distant object (PQ) form a parallel beam of light. This parallel beam of light is focused by the objective in a plane passing through its focus and perpendicular to the axis and forms the image (PlQl). This plane is known as focal plane. The eyepiece is adjusted so that the image PlQl lies in its focal plane. The light beam after striking the eye lens emerges parallel and final image PllQll is formed at infinity. This adjustment of the telescope is known as normal adjustment.

Magnifying Power of an Astronomical Telescope
Magnifying power of an astronomical telescope may be defined as the ratio of the angle subtended at the eye by the image to the angle subtended at the eye by the object. 
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From the ray diagram we know that:

PlC is the focal length of the objective and 

PlD is the focal length of the eye piece.
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10. Distinction between a Compound Microscope and an Astronomical Telescope
	 Compound microscope
	 Astronomical telescope

	 Objective lens has smaller focal length, than the eyepiece
	 Objective lens has larger focal length than the eyepiece

	 Distance between the objective lens and the eyepiece is greater than f0+fe
	 Distance between the objective lens and the eyepiece is equal to f0+fe

	 It is used to see very small objects
	 It is used to see distant astronomical objects


6(c) HUYGENS PRINCIPLE AND INTERFERENCE:

IMPORTANT CONCEPTS
1. Wave front: A wave front is defined as the continuous locus of all particles of a medium, which are vibrating in the same phase.

2. Spherical wave front: When the source of light is a point source, the wave front is a sphere with centre at the source.

3. Cylindrical wave front: When the source of light is linear i.e. slit, the wave front is cylindrical

4. Plane wave front: When the point source or linear source of light is at very large distance, a small portion of spherical or cylindrical wave front appears to be a plane. Such a wave front is called a plane wave front.
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    5. Huygens' Principle:
(i) Every point on the given wave front (called primary wave front) acts as a fresh source of new disturbance, called secondary wavelets, which travel in all directions with the velocity of light in the medium.

(ii) A surface touching these secondary wavelets, tangentially in the forward direction at any instant gives the new wave front at that instant. This is called secondary wave front.
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6. Reflection 

Now, suppose that a beam of parallel rays between HA and LC is incident on a plane mirror, and imagine a plane wave front AB which is normal to the rays, reaching the mirror surface, see figure 1 below. At this instant the point A acts as a centre of disturbance. Suppose we require the new wave front at a time corresponding to the instant when the disturbance at B reaches C. The wavelet from A reaches the surface of a sphere of radius AD at this instant. When other points between AC on the mirror, such as P, are reached by the disturbances starting at AB, wavelets of smaller radius than AD such as PM are obtained at the instant we are considering. The new wave front is the surface CMD that touches all the wavelets.

[image: image94.png]



In the absence of the mirror, the plane wave front AB would reach the position EC in the time considered. Thus AD=AE=BC, and PN=PM, where PN is perpendicular to EC. The triangles PMC, PNC are each 90°, and PN=PM.

So the angles marked (  in the above figure are all equal.

Law of Reflection. 

We can now deduce the law of reflection for the angles of incidence and reflection. The incident wave front AB and the reflected wave front CD make equal angles( with the mirror AC. Since the incident and reflected rays such as HA and HD are normal (90°) to the wave fronts, these rays also make equal angles with AC. So the angles of incidence and reflection are equal.
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7. Refraction

The law of refraction is n1sin( 1= n2sin( 2
To prove it, consider Fig below, which shows two fixed points A and B in two different media and a refracting ray APB connecting them. The time t for the ray to travel from A to B is given by

t= (L1/ v1) + (L2/ v2)

Using the relation n=c/v we can write this as 

t= [(n1L1+ n2L2]/c=L/c

Where L is the optical path length defined as 

L=n1L1+ n2L2
For any light ray traveling through successive media, the optical path length is the sum of the products of the geometrical path length and the index of refraction of that medium. The equation ln=l/n shows that the optical wave length is equal to the length that this same number of waves would have if the medium were a vacuum. We should not confuse the optical path length with the geometrical path length which is L1+ L2 for the ray of Fig below.

Fermat's principle requires that the time t for the light to travel the path APB must be a minimum (or a maximum or must remain unchanged) which in turn requires that x be chosen so that dt/dx=0. The optical path length in Fig below is

L=n1L1+ n2L2=n1 (square root of a2+ x2) +n2 (square root of b2+ (d-x) 2)

Substituting this result into t= [(n1L1+ n2L2]/c=L/c and differentiating, we obtain

Dt/dx=1/c (dL/dx)

=n1/2c (a2+ x2)-1/2(2x) + n2/2c [b2+ (d-x) 2]-1/2 (2) (d-x) (-1) =0

Which we can write as n1 [x/ (square root of a2+ x2)] =n2 [(d-x)/ (square root of b2+ (d-x) 2)] [image: image95.png]Figure 17 The refraction of a plane wave at a plane interface
as analyzed using Fermat’s principle. A ray from A passes
through B after refraction at P.
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Comparison with Fig above shows that we can write as n1sin( 1= n2sin( 2 which is the law of refraction.

8. Interference (wave propagation)
In physics, Interference is the addition (superposition) of two or more waves that results in a new wave pattern. Interference usually refers to the interaction of waves that are correlated or coherent with each other, either because they come from the same source or because they have the same or nearly the same frequency.

Two non-monochromatic waves are only fully coherent with each other if they both have exactly the same range of wavelengths and the same phase differences at each of the constituent wavelengths.

The total phase difference is derived from the sum of both the path difference and the initial phase difference (if the waves are generated from two or more different sources). It can then be concluded whether the waves reaching a point are in phase (constructive interference) or out of phase (destructive interference).

Theory
The principle of superposition of waves states that the resultant displacement at a point is equal to the vector sum of the displacements of different waves at that point. If a crest of a wave meets a crest of another wave at the same point then the crests interfere constructively and the resultant wave amplitude is greater. If a crest of a wave meets a trough of another wave then they interfere destructively, and the overall amplitude is decreased.
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This form of interference can occur whenever a wave can propagate from a source to a destination by two or more paths of different length. Two or more sources can only be used to produce interference when there is a fixed phase relation between them, but in this case the interference generated is the same as with a single source.

Experiments
Thomas Young's double-slit experiment showed interference phenomena where two beams of light which are coherent interfere to produce a pattern.

The beams of light both have the same wavelength range and at the center of the interference pattern. They have the same phases at each wavelength, as they both come from the same source.

Constructive and destructive interference
Consider two waves that are in phase, with amplitudes A1 and A2. Their troughs and peaks line up and the resultant wave will have amplitude A = A1 + A2. This is known as constructive interference.

If the two waves are π radians, or 180°, out of phase, then one wave's crests will coincide with another wave's troughs and so will tend to cancel out. The resultant amplitude is A = |A1 − A2|. If A1 = A2, the resultant amplitude will be zero. This is known as destructive interference.

When two sinusoidal waves superimpose, the resulting waveform depends on the frequency (or wavelength) amplitude and relative phase of the two waves. If the two waves have the same amplitude A and wavelength the resultant waveform will have amplitude between 0 and 2A depending on whether the two waves are in phase or out of phase.

[image: image97.png]Condition for constructive interference : path length diference
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9. Double Slit Interference
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10. Coherent sources...
Two sources of light are said to be coherent if the waves emitted from them have the same frequency and are 'phase-linked'; that is, they have a zero or constant phase difference.
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VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1-2 MARKS EACH)

1. Why cannot we obtain interference using two independent sources of light?                                                    Ans.  This is because two independent sources of light cannot be coherent, as their relative phases are changing randomly.
2. If a wave undergoes reflection at a denser medium, what happens to its phase?                                                                            Ans.  Reflection of waves at denser medium causes a phase change of π or 180°. 
3. If a wave undergoes refraction, what happens to its phase?                                               Ans.  No phase change occurs during refraction.
4. How is a wave front related to the direction of the corresponding rays?                                 Ans.  Wave front is always normal to the rays corresponding to it.
5. The refractive index of glass is 1.5 for light waves of λ= 6000 A° in vacuum. Calculate their wavelength in glass.                                                                                                                   Ans.   μ = c / v = n λ o / n λ g , therefore, λ g = λ o / μ = 6000/1.5 = 4000 A° .

6. In Young's double slit experiment the slits are separated by 0.5 mm and screen is placed 1.5 m away. The distance between the central bright fringe and the fifth bright fringe is 1.5 cm. What is λ?                                                                                                                   Ans.  The distance between the central and the 5th bright fringe = 1.5cm, Therefore b = 0.3 = 3 x 10-3 m. Also given d = 0.3 mm = 3 x 10-4 m, D = 1.5 m [image: image99.png]g [3x1073x3x 1074
15




 =6 x 10-7m =600 nm.
7. In Young's double slit experiment what is the intensity at a point on screen where the two waves arrive at a phase difference of 600?                                                                            Ans.  Let I0 be the intensity of either of the interfering sources, the intensity I at a point P is [image: image100.png]28
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 where d is the phase difference at p between the two disturbances. d = 600 [image: image101.png]



8. Sodium light λ = 589 nm is incident on a Young's double slit experiment. The separation between the two slits is 2.0 mm. If the screen is placed at a distance of 4m from the slits, locate the position of the tenth bright fringe on the screen.                                                    Ans.  The distance xn of the nth bright from the central fringe, , in Young's experiment is[image: image102.png]


      Given n = 10,  λ = 589 ×10-9m: D=4m, d=2 ×10-3 [image: image103.png]_10x589x10°9x4
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= 0.01178 m = 1.178cm
9. In Young's double slit experiment, the two interfering sources are 0.5 nm apart. Using λ = 500 nm, interference fringes are observed on a screen distant 1m.What is angular width of fringe?                                                                                                                                         Ans.  [image: image104.png]The angular width 6 of the fringe in Young's experiment is %



 , Given: λ = 500 nm= 5 ×10-7m, d=0.5mm = 5 ×10-10 m, therefore,  ( = (5 ×10-7)/ (5 ×10-10) =103 rad.
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10. Monochromatic light of wavelength 600 nm is incident from air to water. What are the wavelength, frequency and speed of (i) reflected, and (ii) refracted light? Refractive index of water is 1.33.                                                                                                                       Ans.  (i) Reflected light travels in the same medium (air) as the incident light. Hence, speed of reflected light c = 3 x 108 ms-1. The wavelength (λ) of reflected light is 600 nm. The frequency f is  [image: image105.png]=lo
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                                                                                         (ii) The refracted rays are in water. Therefore, speed of refracted rays given by:   μ = c / v or.   v = c / μ = (3 ×108)/ (1.33) = 2.256 ×108 m/s.                                                                            The frequency of refracted light remains constant when it goes from one medium to other. Hence, f of   refracted light is 5 x 1014 Hz. Let λ 1 be wave length of refracted light. Then,          λ 1 = f / v = (2.256 ×108)/ (5 x 1014) = 0.4512 x 10-6 = 451.2nm.
11. Calculate time taken by light to travel 1 cm thickness of glass of μ = 1.5.                                Ans.  t = x / v = x / (c/ μ) = x μ /c = (10-2 ×1.5) /(3 ×108) = 0.5 ×10-10 s.
12. In Young’s double slit experiment, the intensity of central maximum is I. What will be the intensity at the same place if one slit is closed?                                                                   Ans.  When one slit is closed, amplitude becomes 1 / 2 i.e. I / 2 and hence intensity becomes I/4, and there is no interference.
13. What will be the effect on the fringes, if Young’s double slit experiment set-up is immersed in water?                                                                                                                       Ans.  The fringes become narrower.
14. A small object of size 0.5 mm is placed close to a convex lens of focal length 5cm. The virtual image formed is at a distance of 25 cm from the lens. Find magnification.                 Ans.  Focal length, f = 5cm
distance of image, v = -25 cm (because image is virtual)
distance of object , u = ?
Magnification, M =?
M = height of image/height of object = I/O = v/u 
(ratio between height and distance of image and object)
Solution:
First finding u,
1/f = 1/v - 1/u
1/u = 1/v - 1/f
1/u = 1/(-25) - (1/5)
1/u =  - 6/25
u = - 25/6 = - 4.16cm
Now putting value of 'u' in magnification formula,
M = height of image/height of object = I/O = v/u 
(ratio between height and distance of image and object)
M = -25/(- 4.16)
M = 6, so size of image = 6  ×size of object = 6 (0.5) = 3 mm.
15. What is the phase difference corresponding to path difference λ of two waves reaching a point?                                                                                                                                       Ans.  2 π radian.
16. Bubbles of colourless soap solution appeared coloured in sun light. Why?                                Ans.  This is due to interference of light.

17. Which of the two colours red and violet travels slower in glass prism?                                   Ans.  Violet colour travels slower. This is because μ v > μ r and v = c / μ.
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6(d) DIFFRACTION AND POLARIZATION:

IMPORTANT CONCEPTS

1. Diffraction

Diffraction manifests itself in the apparent bending of waves around small obstacles and the spreading out of waves past small openings. 

Parallel light rays which pass through a small aperture begin to diverge and interfere with one another.  This becomes more significant as the size of the aperture decreases relative to the wavelength of light passing through, but occurs to some extent for any size of aperture or concentrated light source.
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Since the divergent rays now travel different distances, some move out of phase and begin to interfere with each other-- adding in some places and partially or completely canceling out in others.  This interference produces a diffraction pattern with peak light intensities where the amplitude of the light waves add, and less light where they cancel out.  If one were to measure the intensity of light reaching each position on a line, the data would appear as bands similar to those shown below.
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2. Fraunhofer Single Slit
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The diffraction pattern at the right is taken with a helium-neon laser and a narrow single slit.
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3. Width of central maximum:

The width of central maximum is the distance between first secondary minimum on either side of central point on the screen.

From above relation, when m = 1, a sin( = 1 λ or sin( = λ / a.
If ( is very small, sin( = ( = y /D, where D is the distance of the screen from the slit.

Therefore y / D = λ / a, or y = D λ / a.

Width of central maximum = 2y = 2 D λ / a.

4. Resolving power

This is the ability of an optical device to produce separate images of close objects.  

	5. Resolving Power of Microscope


The ability of the instrument to resolve the images of two point objects lying close to each other. Due to the wave nature of light each point object produces its own diffraction pattern, which overlap, and the image can no longer be identified. 

Resolving power of a microscope is the reciprocal of the minimum distance (d) between two point objects, which can just be seen through the microscope as separate.
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To increase the resolving power, μ, ( should be large and λ should be decreased where

λ = the wavelength of the light used to illuminate the object.

( = half angle of the cone of light from the point object kept under objective lens. 

μ = refractive index of the medium between the object and objective lens.

6. Resolving Power of Telescope

Resolving power of a telescope is the reciprocal of the small angular separation d( between two distant objects whose images are just seen in the telescope as separate. 

[image: image115.png]



Where λ is the wavelength of light, d is aperture of the objective 
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To obtain a higher value of resolving power d the aperture should have a larger value and λ small value. 

7. Polarization
A light wave is an electromagnetic wave which travels through the vacuum of outer space. Light waves are produced by vibrating electric charges. For our purposes, it is sufficient to merely say that an electromagnetic wave is a transverse wave which has both an electric and a magnetic component.

The electric and magnetic vibrations of an electromagnetic wave occur in numerous planes. A light wave which is vibrating in more than one plane is referred to as unpolarized light. Light emitted by the sun, by a lamp in the classroom, or by a candle flame is unpolarized light. Such light waves are created by electric charges which vibrate in a variety of directions, thus creating an electromagnetic wave which vibrates in a variety of directions. 

It is possible to transform unpolarized light into polarized light. Polarized light waves are light waves in which the vibrations occur in a single plane. The process of transforming unpolarized light into polarized light is known as polarization. There are a variety of methods of polarizing light. The four 
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The four methods are:

· Polarization by Transmission 

· Polarization by Reflection 

· Polarization by Refraction 

· Polarization by Scattering
	8. Classification of Polarization

Light in the form of a plane wave in space is said to be linearly polarized. Light is a transverse electromagnetic wave, but natural light is generally unpolarized, all planes of propagation being equally probable. If light is composed of two plane waves of equal amplitude by differing in phase by 90°, then the light is said to be circularly polarized. If two plane waves of differing amplitude are related in phase by 90°, or if the relative phase is other than 90° then the light is said to be elliptically polarized. 
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	9. Polarization by Reflection
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	10. Polarization by Scattering
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The scattering of light off air molecules produces linearly polarized light in the plane perpendicular to the incident light. The scatterers can be visualized as tiny antennae which radiate perpendicular to their line of oscillation. If the charges in a molecule are oscillating along the y-axis, it will not radiate along the y-axis. Therefore, at 90° away from the beam direction, the scattered light is linearly polarized. This causes the light which undergoes Rayleigh scattering from the blue sky to be partially polarized




11. Crossed Polarizers

	[image: image120.jpg]



	An ideal polarizer produces linearly polarized light from unpolarized light. Two ideal polarizers would eliminate all light if their transmission directions are placed at right angles. The two sheets of polaroid at left are crossed and placed on an overhead projector. 
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Polaroid materials accomplish polarization by dichroism. At angles other than 90°, the transmitted intensity is given by the Law of Malus. 
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	12. Law of Malus

[image: image122.png]



When a second polarizer is rotated, the vector component perpendicular to its transmission plane is absorbed, reducing its amplitude to

[image: image123.png]E=E,cos6




Since the transmitted intensity is proportional to the amplitude squared, the intensity is given by: 

[image: image124.png]1=1,cos’0
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13. Brewster’ Law:

According to this law, when unpolarized light is incident at polarizing angle i p on an interface separating air from a medium of refractive index μ , then the reflected light is fully polarized (perpendicular to the plane of incidence), provided

μ = tan i p
This relation represents Brewster’ Law.

14. Applications of Polaroid:
Polaroid sheets are used in liquid crystal displays, optical microscopes and sunglasses. Since Polaroid sheet is dichroic, it will absorb impinging light of one plane of polarization, so sunglasses will reduce the partially-polarized light reflected from level surfaces such as windows and sheets of water, for example. They are also used to examine for chain orientation in transparent plastic products made from polystyrene or polycarbonate.

The intensity of light passing through a Polaroid polarizer is described by Malus' law.

Polaroid is also used as a trade name for a variety of products sold by licensees of the Polaroid Corporation, including consumer electronics, sunglasses based on Polaroid polarizer, and instant-print photographic film and cameras. In February 2008, Polaroid announced that it is discontinuing production of its instant film and will close its factories in the United States, Mexico and the Netherlands.

VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1-2 MARKS EACH)

1. What is the value of refractive index of a medium of polarizing angle 60°?                                                    Ans.  μ = tan i p = tan60° = √3.
2. Is headlight of a car plane polarized?                                                                                  Ans.  No, it is unpolarized.
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3.  Name two commonly used devices which use polarized light?                                              Ans.  Sunglasses (dark glasses) and Liquid Crystal Display (LCD).
4. What are the reasons to believe that light is a wave motion?                                                             Ans.  The phenomena of interference, diffraction and polarization are essentially the wave phenomenon. The existence of these phenomena can be explained only when we assume that light is a wave motion.
5. How does the resolving power of telescope change when the aperture of the objective is increased?                                                                                                                                    Ans.  The resolving power of telescope increases on increasing the aperture of objective lens.
6. Is light from a sodium lamp polarized?                                                                               Ans.  No, it is not polarized.
7. In a single slit diffraction experiment, the width of the slit is halved. How does it affect the size and intensity of the central maximum?                                                                               Ans.  As size of central maximum is proportional to λ / a, therefore size becomes double. Hence intensity reduces to 1 / 4 th.
8. Which among X – rays, sound waves and radio waves can be polarized?                                  Ans.  X – rays and radio waves can be polarized because they are transverse waves.
9. Which phenomenon leads us to the conclusion that light is transverse in nature?                    Ans.  Polarization of light.
10. What is diffraction due to?                                                                                                         Ans.  Diffraction is due to interference of secondary wavelets from the portion of wave front allowed to pass through aperture or from the portion of wave front not blocked by the obstacle.
11. Does the value of polarizing angle depend on colour of light?                                                 Ans.  Yes, it depends.
12. Light reflected from the surface of glass plate of refractive index 1.57 is linearly polarized. Calculate the angle of refraction in glass.                                                           Ans.  Here, μ = 1.57, r =?                                                                                                According to Brewster’s law, tan ip = μ = 1.57.                                                                       Therefore ip = tan-11.57= 57.5°.                                                                                                   As r = 90° - ip, therefore r = 90° – 57.5° = 32.5°.
13. What should be the order of size of obstacle/aperture for diffraction of light?                               Ans.  Size of obstacle/aperture should be of the same order as that of wavelength of light.
14. Diffraction is common in sound but not common in light waves. Why?                                         Ans.  For diffraction of a wave, an obstacle or aperture of the size of wavelength of the wave is needed. As wavelength of light is of the order of 10-6 m and obstacles/apertures of this size are rare, therefore diffraction is not common in light waves. On the contrary, wavelength of sound is of the order of 1 m and obstacles/apertures of this size are readily available, therefore diffraction is common in sound.
15. How does the resolving power of a microscope change on                                                     (i) decreasing wavelength of light                                                                                            (ii) decreasing diameter of objective lens?                                                                                   Ans.  On decreasing λ, resolving power of microscope increases and on decreasing diameter of objective lens, resolving power of microscope decreases.
16. How are resolving power and limit of resolution of an optical instrument related?                        Ans.  Smaller is the limit of resolution, higher is the resolving power.
17. What is the angle between the reflected and refracted rays at polarizing angle?                        Ans. 90°.
18. Can you recognize by the unaided eye whether a given light is polarized or not?           Ans. No, unaided eye cannot detect polarization.
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7. DUAL NATURE OF MATTER AND RADIATION:

IMPORTANT CONCEPTS

1. 
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	The basic unit ("quantum") of electromagnetic radiation (and therefore light), usually denoted by[image: image131.png]


. Photons were first postulated by Planck, whose measurements of the blackbody spectrum showed that electromagnetic radiation had to come in discrete units, which were dubbed "photons" by the chemist Gilbert Lewis in 1926. 

The energy of a photon of frequency [image: image132.png]


is given by 

[image: image133.png]



where h is Planck's constant. Because the energy of photons is directly proportional [image: image134.png]


to their frequency, low-energy photons have low frequencies, while high-energy photons have high frequencies. Low-energy photons are called radio waves or microwaves, medium-energy photons are called light (or light waves, or visible light), high-energy photons are called X-rays, while those having higher energy still are called gamma rays. 
	


2. Electron Emission 
    Electron emission is defined as liberation of free electron from a surface of a substance caused by the external energy transferred to the electrons.

3. Work Function
Electron emission tends to occur on metal, because metal is a substance with much free electron in between its molecules. Nucleus attracting force does not strong enough to put the electron standstill. Every time the free electrons move around from one molecule to another but it can't leave  out from   metal surface. In order to emit from the metal surface these free electrons require additional external energy. The amount of outside energy require by electron to emit from the metal surface is known as work function. The work function usually defined in electron volt (eV) unit. 

4. Kinds of electron emission: The additional external energy required by the electron to emit from the metal surface could come from few sources such as
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Heat energy, energy stored in the electron field, light energy or kinetic energy. 
Accordingly there are following four method of obtaining electron emission from the metal surface. 
4.1 Thermionic emission 
4.2 Field emission 
4.3 Secondary emission 
4.4 Photoelectric emission

4.1 When additional energy comes to the electron in the form of heat energy, the kinetic energy of electron increases and its movement becomes uncertain. Finally there will be electrons that leave out from the metal surface. This is called as thermionic emission.

4.2 When a conductor put in a place very close to high voltage conductor, the electric field from the conductor will exert attractive force on the free electron in metal. If the positive field is big enough the free electron will succeed in overcoming restraining of the metal surface and it will emit from the metal surface. This is called as field emission.
4.3 Electron emission from a metallic surface by the bombardment of high speed electrons or other particles is known as secondary emission. When high speed electrons suddenly strike a metallic surface, they may give some or all of their kinetic energy to the free electrons in metal. If the energy of the striking electrons is sufficient, the free electron will escape from the metal surface and this phenomenon is called as Secondary Emission.
4.4 When a beam of light strike the surface of cathode the energy from photons will be transferred from the photons to free electron within the cathode. If the energy from photons is greater than the metal work function the free electron will knock out from the cathode surface. The emitted electron called as photo electron. The amount of photo electron depends of the light intensity. This phenomenon is called as Photoelectric Emission.
5. The Photoelectric Effect

Albert Einstein gave the explanation in 1905: Light consists of particles (photons), and the energy of such a particle is proportional to the frequency of the light. There is a certain minimum amount of energy (dependent on the material) which is necessary to remove an electron from the surface of a zinc plate or another solid body (work function). If the energy of a photon is bigger than this value, the electron can be emitted. From this explanation the following equation results:

	Ekin   =   h ν   –   W 


Ekin ... maximal kinetic energy of an emitted electron
h ..... Planck constant (6.626 x 10-34 Js)
ν ..... frequency
W ..... work function .The above is known as Einstein’s photoelectric equation. 
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6. The Laws of Photo-Electric Emission

i) The number of electrons emitted per second is directly proportional to the intensity of the radiation.

ii) The maximum kinetic energy of the electrons emitted increases with the frequency of the radiation.

iii) There is a minimum frequency below which no emission occurs.

A graph of K.E.max of photo-electrons against frequency of radiation has the following form.
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The minimum frequency for photo-electric emission is called the threshold frequency, fo or νo .

7. Hertz's spark gaps
In 1887, Heinrich Hertz observed the photoelectric effect and the production and reception of electromagnetic (EM) waves. He published these observations in the journal Annalen der Physik. His receiver consisted of a coil with a spark gap, where a spark would be seen upon detection of EM waves. He placed the apparatus in a darkened box to see the spark better. However, he noticed that the maximum spark length was reduced when in the box. A glass panel placed between the source of EM waves and the receiver absorbed ultraviolet radiation that assisted the electrons in jumping across the gap. When removed, the spark length would increase. He observed no decrease in spark length when he substituted quartz for glass, as quartz does not absorb UV radiation. Hertz concluded his months of investigation and reported the results obtained. He did not further pursue investigation of this effect, nor did he make any attempt at explaining how this phenomenon was brought about.

8. Von Lenard's observations
In 1902, Philipp Lenard observed the variation in electron energy with light frequency. He used a powerful electric arc lamp which enabled him to investigate large changes in intensity, and had sufficient power to enable him to investigate the variation of potential with light frequency. His experiment directly measured potentials, not electron kinetic energy: he found the electron energy by relating it to the maximum stopping potential (voltage) in a phototube. He found that the calculated maximum electron kinetic energy is determined by the frequency of the light. For example, an increase in frequency results in an increase in the maximum kinetic energy calculated for an electron upon liberation - ultraviolet radiation would require a higher applied stopping potential to stop current in a phototube than blue light. However Lenard's results were qualitative rather than quantitative because of the difficulty in performing the experiments: the experiments needed to be done on freshly cut metal so that the pure metal was observed, but it oxidized in a matter of minutes even in the partial vacuums he used. The current emitted by the surface was determined by the light's intensity, or brightness: doubling the intensity of the light doubled the number of electrons emitted from the surface. Lenard did not know of photons.

9. Matter wave

In quantum mechanics, a matter wave or de Broglie wave is the wave (wave-particle duality) of matter. The de Broglie relations show that the wavelength is inversely proportional to the momentum of a particle and that the frequency is directly proportional to the particle's kinetic energy. The wavelength of matter is also called de Broglie wavelength. The theory was advanced by Louis de Broglie in 1924 in his PhD thesis; he was awarded the Nobel Prize for Physics in 1929 for this work, which made him the first person to receive a Nobel Prize on a PhD thesis.
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10. DeBroglie Wavelength

Louis de Broglie was the first person to establish an equation for the relationship between an electron’s momentum and its wavelength. He concluded that:
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where h is a number called Planck’s constant (named after Max Planck) and is equal to 6.63 x 10-34 J × s or 4.14 x 10-15 eV × s. 

When we observe electron diffraction, the electrons’ kinetic energy is easier to measure than their momentum, so we write the de Broglie wavelength as 
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This equation is consistent with our results in the previous activity — as the energy increases the wavelength decreases.

	11. Davisson and Germer's Experiment


	

	 
	INTRODUCTION
	

	
	In the year 1927, Davisson and Germer conducted their famous experiment which was the experimental verification of De-Broglie's hypothesis i.e.  = h/p.

	
	THE EXPERIMENT 
	 

	
	Their experimental setup was enclosed in a vacuum chamber as shown below:

	
	[image: image140.png]Electron gun
Electron
detector
incident
beam ¢ Scattered electran
beam

Metal target (crystalline Nickel)





	
	

	
	A beam of electrons accelerated through the potential V was allowed to strike a nickel crystal. Measurements were made to count the number of electrons scattered by the crystal.

	
	OBSERVATIONS
	

	
	Davisson and Germer further investigated properly oriented crystals to observe if could be possible to interpret that electron behave as waves of all wave lengths () as given by De-Broglie's hypothesis. They calculated the wave length of electron from the known accelerating potential V by applying the relation:
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The wave length associated with the above equation agreed with the De-Broglie's prediction. Thus it is confirmed that electron has a wave like nature because only a wave has wave length.

	
	

	
	

	
	

	
	


VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1-2 MARKS EACH)

1. What are photo-electrons?                                                                                                         Ans.  The electrons ejected from metals in photo-electric effect are called photo-electrons.
2. What is the rest mass of a photon?                                                                                               Ans.  Zero.
3. Which photon is more energetic, violet one or red one?                                                          Ans.  Violet: Since E = h ν, the frequency (ν) of violet is more than that of red.
4. If h is Planck’s constant, find the momentum of a photon of wavelength 0.01 A°?                         Ans.  Momentum of a photon = h / λ = h / 0.01 ×10-10 =1012 h.
5. How will the photoelectric current change on decreasing the wavelength of incident radiation for a given photo-sensitive material?                                                                       Ans.  Photoelectric current is not affected on decreasing the wavelength of incident radiation.
6. The work function of cesium is 2 eV. Explain this statement.                                             Ans.  For the emission of photoelectrons from the cesium metal, the minimum energy of the incident light on the metal surface should have the photons of energy 2 eV.
7. What is the main aim of Davisson and Germer’s experiment?                                              Ans.  To verify the wave nature of electron.
8. Calculate the energy of a photon of frequency 6 ×1014 Hz in electron volt. Given that h = 6.62 ×10-34 Js.                                                                                                                                Ans.  E = h ν = 6.62 ×10-34 ×6 ×1014 J = (6.62 ×6 ×10-20) / (1.6 ×10-19) eV =2.49 eV.
9. What is the value of stopping potential between the cathode and the anode of a photo cell, if the maximum kinetic energy of the electrons emitted is 5 eV?                                                Ans.  If Vo is the stopping potential, then e Vo = Max. KE = 5 eV or Vo = 5 V.
10. Two metals A and B have work functions 2 eV and 5 eV respectively. Which metal has lower threshold wavelength? Ans.  As work function, W = hc / λo or λo = hc/ W i.e. λo is proportional to 1 / W, so metal B of greater work function has lower threshold wavelength.
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8. ATOMS AND NUCLEI:
IMPORTANT CONCEPTS

1. Rutherford's alpha scattering experiment

Ernest Rutherford selected a gold foil because he wanted a thin layer as thin a layer as possible.This gold foil was about 1000 atoms thick.

Alpha particles are doubly charged helium ions. Since they have a mass 4 units, the fast moving alpha particles have a considerable amount of energy.

It was considered that alpha particles would be deflected by the sub-atomic particles in the gold atoms. Since the alpha particles were much heavier than the protons, he did not expect to see large deflections.

But the alpha scattering experiment gave totally unexpected results. The following were the observations made of:-

(1) Most of the fast moving alpha particles passed straight through the gold foil.

(2)Some of the alpha particles were deflected by the foil by small angles.

(3)Surprisingly one out of every 12000 particles appeared to rebound.
(4)Rutherford’s experiment shows that there are 3 kinds of particle which have electronically charged and attracted to opposite charges.
(5) His experiment also shows that if a particle comes back in a straight-line that means a strong +vely charged particle is situated in the middle of the atom which we told that the core of the atom.
Summarizing the results of his work Rutherford came to the opinion that atom consisted of a nucleus (of size 10-15 to 10-14 meter). The nucleus contains the whole positive charge and almost the whole atom's mass. Around the nucleus, on the area of the size of the order of 10-10 meter, light electrons are circling. Electrons have to circle around the nucleus on orbits, not to fall down on the nucleus. The orbits depend on electrons energy. In atoms of the same element, electrons circle on the same characteristic, for that element, orbits - the optical spectrum of atoms of the same element is the same. 
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The model created by Rutherford had still some serious discordance. According to the classic science, electron moving around the nucleus should emit an electromagnetic wave. That kind of emission is connected with the escape of some energy from the electron-ion circuit. Electron should than move not by the circle but helical and finally collide with the nucleus. But atom is stable. Other discordance regarded the radiation - it were to be constant (because the time of electron's cycle in accordance with the lost of energy should change constantly) and spectral lines shouldn't occur. 


[image: image144.jpg].
The electron

In the planetary model of atom, the electron should
emit energy and spirally fall on the nucleus.






    The model of atom created by Rutherford couldn't be the conclusive model of matter's constitution.
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2. Distance of closest approach

Between an alpha particle and an atomic nucleus there subsists an interaction - the repulsing - according to Coulomb force: 

  [image: image145.png]1
4Ty,

2.2.8%
7




         


where (2e) - alpha particle charged, (Ze) - atomic nucleus charged, y0 - permittivity of free space, r - distance between the nucleus and the particle. To evaluate ro, the distance of closest approach, lets consider the central collision - scattering by the angle 180 degree. By the law of conservation of energy - in the moment, when the distance between the alpha particles and the nucleus is minimal, the kinetic energy of that alpha particle is completely changed to the energy of the interaction: 
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Where m - alpha particle mass, v - alpha particle velocity before the collision. 
After transformation: 
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3. Bohr Model of the Atom
Planetary Model of the Hydrogen Atom                                                

[image: image148.png]



The Bohr Model of the atom is a planetary model in which the electrons orbit around the atomic nucleus.

Niels Bohr proposed the Bohr Model of the Atom in 1915. Because the Bohr Model is a modification of the earlier Rutherford Model, some people call Bohr's Model the Rutherford-Bohr Model. The modern model of the atom is based on quantum mechanics. The Bohr Model contains some errors, but it is important because it describes most of the accepted features of atomic theory without the entire of high-level math of the modern version. Unlike earlier models, the Bohr Model explains the Rydberg formula for the spectral emission lines of atomic hydrogen. 

The Bohr Model is a planetary model in which the negatively-charged electrons orbit a small, positively-charged nucleus similar to the planets orbiting the Sun (except that the orbits are not planar). The gravitational force of the solar system is mathematically akin to the Coulomb (electrical) force between the positively-charged nucleus and the negatively-charged electrons. 

Main Points of the Bohr Model

· Electrons orbit the nucleus in orbits that have a set size and energy. 

· The energy of the orbit is related to its size. The lowest energy is found in the smallest orbit. 

· Radiation is absorbed or emitted when an electron moves from one orbit to another. 

4. Quantized Energy States 

The electrons in free atoms will be found in only certain discrete energy states. These sharp energy states are associated with the orbits or shells of electrons in an atom, e.g., a hydrogen atom. One of the implications of these quantized energy states is that only certain photon energies are allowed when electrons jump down from higher levels to lower levels, producing the hydrogen spectrum.
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	5. Angular Momentum Quantization

In the Bohr model, the wavelength associated with the electron is given by the DeBroglie relationship 
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and the standing wave condition that circumference = whole number of wavelengths. In the hydrogenic case, the number n is the principal quantum number. 
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These can be combined to get an expression for the angular momentum of the electron in orbit. (Note that this assumes a circular orbit, a generally unwarranted assumption.)
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Thus L is not only conserved, but constrained to discrete values by the quantum number n. This quantization of angular momentum is a crucial result and can be used in determining the Bohr orbit radii and Bohr energies. 
	6. Classical Electron Orbit
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In t he Bohr theory, this classical result was combined with the quantization of angular momentum to get an expression for quantized energy levels. 


	

	 
	
	


	7. Bohr Orbit

Combining the energy of the classical electron orbit with the quantization of angular momentum, the Bohr approach yields expressions for the electron orbit radii and energies:
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Substitution for r gives the Bohr energies and radii:
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8. Electron Transitions 

The Bohr model for an electron transition in hydrogen between quantized energy levels with different quantum numbers n yields a photon by emission with quantum energy: 
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 This is often expressed in terms of the inverse wavelength or "wave number" as above:


9. Hydrogen Spectrum 
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This spectrum was produced by exciting a glass tube of hydrogen gas with about 5000 volts from a transformer. It was viewed through a diffraction grating with 600 lines/mm. The colors cannot be expected to be accurate because of differences in display devices. 

10. Composition of nucleus

The nucleus is composed of Z protons and N neutrons. The atomic number Z determines the chemical properties of the atom. The mass number A=Z+N determines approximately the mass of the nucleus in atomic mass units. 

· A particular nucleus defined by A and Z is known as a nuclide. 

· Elements are defined by the atomic number Z. 

· Atoms (or nuclei) with the same Z but different N are known as isotopes. These have different masses but the same chemical properties. 

· Elements with the same A but differing Z (and N) are known as isobars. These will have approximately the same mass but different chemical properties (determined by Z). 

· Nuclei with the same N but differing Z are known as isotones. 

· Nuclides are symbolically denoted by [image: image159.png]AR]



(or more fully, [image: image160.png]Ely



), where El is the usual chemical symbol for the element. 

11. Size of nucleus

It does not follow that nuclei can be found for every given N and Z. Indeed, we find at most two stable nuclei for a given A. (The word stable has several meanings when applied to nuclei. Here we mean beta-stable, referring to relative stability amongst a set of isobars). Nuclei that have been observed in nature and experiments fall in a relatively narrow band in the (N,Z) plane around the stable nuclei.
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Since the force between nucleons is short range, the size of a nucleus is reasonably well-defined. Experiment shows that nuclei are roughly spherical with a radius 
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,        where [image: image162.png]


fm. 

Thus, the density of a nucleus is approximately constant, and the volume of a nucleus is proportional to the number of nucleons contained in it. The radius parameter [image: image163.png]o



can vary with the method used to measure it and is generally in the region 1.1 - 1.4 fm (with larger values corresponding to the electromagnetic radius). 

12. Radioactivity 

Introduction:

Radioactivity is the spontaneous disintegration of atomic nuclei. The nucleus emits [image: image164.png]


particles, ß particles, or electromagnetic rays during this process. 

Alpha ([image: image165.png]


) Decay:

Alpha decay occurs when the nucleus spontaneously ejects an [image: image166.png]


particle. An [image: image167.png]


particle is really 2 protons and 2 neutrons, or an He nucleus. So when an atom undergoes [image: image168.png]


decay, its atomic number decreases by 2 and its atomic mass decreases by 4. An example of [image: image169.png]


decay is the following: 

Pu239 [image: image170.png]


U235 + [image: image171.png]


particle (He-4 nucleus)

Beta (ß) - Decay:

There are two types of ß decay; ß+ and ß- decay. An excess of neutrons in an atom's nucleus will make it unstable, and a neutron is converted into a proton to change this ratio. During this process, a ß particle is released, and it has the same mass and charge as an electron. The resulting atom and the ß particle have a total mass which is less than the mass of the original atom, and one would think that the ß particles should have the energy equivalent to the mass lost (E = mc2). As a result of ß- decay, the atomic number of the atom increases by 1.

ß+ Decay:

When there is an excess of protons in the nucleus, and it is not energetically possible to emit an [image: image172.png]


particle, ß+ decay occurs. This is where the nucleus becomes stable by converting a proton into a neutron. During ß+ decay, a positron (a particle with the same mass as an electron but with positive charge), and a neutrino are released. Positrons interact with electrons, causing both to be completely destroyed. Two gamma ray photons with the same energy as the mass of the positron and electron are released.  Use resolving power in a Sentence
See web results for resolving power
See images of resolving power
Gamma Radiation:

Gamma ray emission usually occurs with [image: image173.png]


and ß emission. Gamma rays have no charge or mass, so their emission doesn't change the chemical composition of the atom. Instead, it results in a loss of radiant energy. Gamma ray emission occurs because the nucleus is often unstable after [image: image174.png]


and ß decay. 

13. The Radioactive Decay Law
This law states that the number of nuclei which will decay will depend on overall number of nuclei, N, and also on the length of the brief period of time. In other words the more nuclei there are the more will decay and the longer the time period the more nuclei will decay. Let us denote the number which will have decayed as dN and the small time interval as dt.

So we have reasoned that the number of radioactive nuclei which will decay during the time interval from t to t+dt must be proportional to N and to dt. In symbols therefore:





the minus sign indicating that N is decreasing.

Turning the proportionality in this equation into equality we can write:





where the constant of proportionality, λ, is called the Decay Constant.

Dividing across by N we can rewrite this equation as:




So this equation describes the situation for any brief time interval, dt. To find out what happens for all periods of time we simply add up what happens in each brief time interval. In other words we integrate the above equation. Expressing this more formally we can say that for the period of time from t = 0 to any later time t, the number of radioactive nuclei will decrease from N0 to Nt ,i.e.
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This final expression is known as the Radioactive Decay Law. It tells us that the number of radioactive nuclei will decrease in an exponential fashion with time with the rate of decrease being controlled by the Decay Constant.

.14. Binding Energy and Mass Defect
An atomic nucleus is a stable structure. The nucleus is bound by very strong short range forces called nuclear forces. Certain amount of work has to be done to separate the nucleons to such a distance that there is no interaction. This work done therefore measures binding energy of the nucleus. 

On the basis of Einstein's theory of mass energy equivalent it was found that the rest mass of a nucleus is always slightly less than the sum of the free neutrons and protons comprising the nucleus. This indicates that some mass disappears when a nucleus is formed. This difference in the masses is called the mass defect. It is this mass defect, which appears in the form of binding energy.
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Where Δm is the mass defect, mp is mass of a proton, mn is mass of a neutron, mN is mass of nucleus ZXA.

B.E = (Δm C2) = [Zmp + (A-Z) mn -   mN  ] C2 . Therefore BE per nucleon = BE / A.

15. The Difference Between Nuclear Fission & Nuclear Fusion

There are two types of atomic explosions that can be facilitated by Uranium-235: fission and fusion. Fission, simply put, is a nuclear reaction in which an atomic nucleus splits into fragments, usually two fragments of comparable mass, emitting 100 million to several hundred million volts of energy. This energy is expelled explosively and violently in the atomic bomb. A fusion reaction is usually started with a fission reaction, but unlike the fission (atomic) bomb, the fusion (hydrogen) bomb derives its power from the fusing of nuclei of various hydrogen isotopes into helium nuclei.

Nuclear Fission
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When 235U absorbs a thermal neutron, for example, it splits into two particles of uneven mass and releases an average of 2.5 neutrons, as shown in the figure above.

Nuclear Fusion 
The graph of binding energy per nucleon suggests another way of obtaining useful energy from nuclear reactions. Fusing two light nuclei can liberate as much energy as the fission of 235U or 239Pu. The fusion of four protons to form a helium nucleus, two positrons (and two neutrinos), for example, generates 24.7 MeV of energy.
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VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1 MARK EACH)

1. What is the ionization potential of hydrogen atom? Ans.  13.6 eV.
2. What is the energy possessed by an electron when n =∞? Ans.  Zero.
3. How are decay constant and half life of radioactive element related? Ans.  T=0.693/ λ.
4. How are decay constant and average life of radioactive element related? Ans.  τ =1/ λ.
5. What is the order of nuclear density? Ans.  Nuclear density is of the order:1017 kg/m3. 
6. What is the order of binding energy per nucleon for most nuclides? Ans.  8 MeV / N. 
7. Define atomic mass unit. What is its energy equivalent? Ans.  1 amu is defined as 1/12th of the mass of an atom of isotope.1 amu =1.66 ×10-27 kg. Energy Equi. of 1 amu = 931 MeV.
9(a) ELECTRONIC DEVICES [CONDUCTORS, INSULATORS AND SEMI - CONDUCTORS]:
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IMPORTANT CONCEPTS
1. Classification of Solids and Energy Band.

Solids are classified as below,

01) Insulators: - Insulators are those substances which do not allow the passage of electric current through them. For example, wood, rubber, glass etc.In this, valence band is full but conduction band is empty. The energy gap between valence and conduction band is very large. That is why; a very high electric field is required to push the valence electrons to the conduction band. For this reason, the electric conductivity of such materials is nil under ordinary conditions.

02) Conductors: - Conductors are those substances which easily allow the passage of electric current through them. For example, copper, aluminium.There are large number of free electrons are available in a conductor. In conductors, the valence and conduction band, overlap each other. Due to this overlapping, a slight potential difference across a conductor causes the free electrons to constitute electric current.

03) Semiconductors: - Semiconductors are those substances whose electric conductivity lies between conductors and insulators. In this, the valence band is almost filled and conduction band is empty. The energy gap between valence and conduction band is very small.Therefore,comparatively smaller electric field is required to  push the electrons from valence band to conduction band.

At low temperature, the valence band is completely full and conduction band is completely empty. Because of this, semiconductors behave as an insulator at low temperature. As the temperature increases, more valence electrons cross over to the conduction band and the conductivity increases. It means, semiconductors have negative temperature co-efficient of resistance.

2. Band Theory of Solids 

A useful way to visualize the difference between conductors, insulators and semiconductors is to plot the available energies for electrons in the materials. Instead of having discrete energies as in the case of free atoms, the available energy states form bands. Crucial to the conduction process is whether or not there are electrons in the conduction band. In insulators the electrons in the valence band are separated by a large gap from the conduction band, in conductors like metals the valence band overlaps the conduction band, and in semiconductors there is a small enough gap between the valence and conduction bands that thermal or other excitations can bridge the gap. With such a small gap, the presence of a small percentage of a doping material can increase conductivity dramatically.

An important parameter in the band theory is the Fermi level, the top of the available electron energy levels at low temperatures. The position of the Fermi level with the relation to the conduction band is a crucial factor in determining electrical properties.
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3. Energy Bands Comments 
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4. Intrinsic Semiconductor 

A silicon crystal is different from an insulator because at any temperature above absolute zero temperature, there is a finite probability that an electron in the lattice will be knocked loose from its position, leaving behind an electron deficiency called a "hole".

If a voltage is applied, then both the electron and the hole can contribute to a small current flow. 

	The conductivity of a semiconductor can be modeled in terms of the band theory of solids. The band model of a semiconductor suggests that at ordinary temperatures there is a finite possibility that electrons can reach the conduction band and contribute to electrical conduction.

The term intrinsic here distinguishes between the properties of pure "intrinsic" silicon and the dramatically different properties of doped n-type or p-type semiconductors. 
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Electrons and holes



Semiconductor Current 

Both electrons and holes contribute to current flow in an intrinsic semiconductor.
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5. The Doping of Semiconductors [Extrinsic Semiconductors]
The addition of a small percentage of foreign atoms in the regular crystal lattice of silicon or germanium produces dramatic changes in their electrical properties, producing n-type and p-type semiconductors. 

Pentavalent impurities

Impurity atoms with 5 valence electrons produce n-type semiconductors by contributing extra electrons. 
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Trivalent impurities 

Impurity atoms with 3 valence electrons produce p-type semiconductors by producing a "hole" or electron deficiency. 

P- and N- Type Semiconductors 
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       P-Type Semiconductor 

	The addition of trivalent impurities such as boron, aluminum or gallium to an intrinsic semiconductor creates deficiencies of valence electrons, called "holes". It is typical to use B2H6 diborane gas to diffuse boron into the silicon material.
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N-Type Semiconductor 
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	The addition of pentavalent impurities such as antimony, arsenic or phosphorous contributes free electrons, greatly increasing the conductivity of the intrinsic semiconductor. Phosphorous may be added by diffusion of phosphine gas (PH3). 
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VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1-2 MARKS EACH)

1. What factors determine the electrical conductivity of metal?                                                                                                         Ans.  The electrical conductivity of a metal depends upon the number of free electrons and their drift velocity through the metal on applying the field.
2. What is Fermi level and Fermi energy?                                                                                               Ans.  In an energy band, the highest energy level occupied by electron at 0 K is called Fermi level and its energy is called Fermi energy.
3. Define forbidden gap.                                                                                                              Ans.  The band separating the valence band and conduction band is called forbidden gap.
4. According to energy band diagram, what makes a substance (a) conductor (b) insulator? Ans.  (a) Overlapping of conduction band and valence band (b) A large energy gap (about 6 eV) between conduction band and valence band.
5. Why germanium is preferred over silicon for making semiconductor devices?                        Ans.  Because the energy gap for germanium is 0.72 eV whereas for silicon, it is 1.1 eV.
6. Hoe does conductivity of a semiconductor changes with temperature?                                  Ans.  The conductivity of a semiconductor increases with rise of temperature because more covalent bonds in semiconductor get broken with rise of temperature, providing more number of electrons and holes as current carriers.
7. What is a hole?                                                                                                                       Ans.  Hole is a seat of positive charge which is produced when an electron breaks away from covalent bond in a semiconductor.
8. What is doping?                                                                                                                              Ans.  Doping is a process of deliberate addition of a desirable impurity in a pure semiconductor to modify its properties in a controlled manner.
9. Doping in silicon with indium leads to which type of semiconductor?                                     Ans.  p – type of semiconductor is formed because indium atom is trivalent.
10. What is the value of conductivity of a semiconductor at absolute zero?                                  Ans.  Zero.
11. If the drift velocity and mobility of electrons in a semiconductor are represented by v and μ respectively and the applied electric field is E, then write the relation for.                               Ans.  Mobility is defined as the drift velocity per unit electric field. Hence μ = v / E.
12. Out of electron and hole, which one has higher mobility and why?                                           Ans.  Electron has higher mobility than the hole because electron needs less energy to move in a semiconductor.
13. Give the ratio of number of holes and the number of conduction electrons in a (a) pure semiconductor (b) n type semiconductor (c) p type semiconductor.                                         Ans.  (a) nh / ne = 1 (b) nh / ne  is less than 1 (c) nh / ne >1
14. How does the energy gap vary with doping in a pure semiconductor?                                    Ans.  Energy gap decreases with doping.
15. How does the forbidden energy gap of an intrinsic semiconductor vary with the increase in temperature?                                                                                                                       Ans.  The energy gap of an intrinsic semiconductor does not change with the increase in temperature.
16. How does the energy gap of an intrinsic semiconductor vary, when doped with a trivalent impurity?                                                                                                                                        Ans.  When an intrinsic semiconductor is doped with the impurity atoms of valency three like indium or boron, some allowed energy levels are produced, situated in the forbidden gap slightly above the valence band. These levels are called acceptor energy levels.
17. What are the safe limits of temperature for germanium and silicon?                                    Ans.  80° C to 200° C.
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9(b) SEMI-CONDUCTOR DEVICES:
IMPORTANT CONCEPTS
1. P-N Junction: When a p-type semiconductor crystal is brought into close contact with an n-type semiconductor crystal, the resulting arrangement is called a p-n junction or junction diode.

2. P-N Junction Diode

When a p-type semiconductor is brought into a close contact with n-type semiconductor crystal, the resulting arrangement is a PN junction or junction diode. On account of difference in concentration of charge carriers in the two sections, the electrons from n-region diffuses through the junction into p region and the holes from p-region diffuse into n-region. Due to this the electron falls into the vacancy i.e., it completes the covalent bond. This process is called electron-hole recombination. As a result of the migration of charge carriers across the junction, the electrons leave ionised donor atoms which are bound and cannot move. Similarly, the p-region of the junction will have ionised acceptor atoms which are immobile. The accumulation of electric charges of opposite polarities in the two regions gives rise to an electric field. This is like a fictitious battery and prevents the further migration of charges. This battery is otherwise the potential barrier VB. This region which is devoid of any free charges is called depletion region. 
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The width of the depletion region and VB depends on the semiconductor and its doping concentration. Symbolically the p-n junction is shown as where P-side is known as anode and n-side the cathode. This junction is also called a semiconductor diode. 

Biasing of the P-N junction

Forward biasing

A p-n junction is said to be forward biased, if the positive terminal of the external battery B is connected to p-side and the negative terminal to the n-side of the p-n junction. Here the forward bias opposes the potential barrier VB and so the depletion layer becomes thin. The majority charge carriers in the P type and N types are repelled by their respective terminals due to battery B and hence cross the junction. On crossing the junction, recombination process takes place. For every electron hole combination, a covalent bond near the +ve terminal of the battery B is broken and this liberates an electron which enters the +ve terminal of B through connecting wires. This in turn creates more holes in P-region. At the other end, the electrons from -ve terminal of B enter n-region to replace electron lost due to recombination process. Thus a large current will flow to migration of majority carriers across the p-n junction which is called forward current.

Reverse biasing

A p-n junction is said to be reverse biased if the positive terminal of the battery B is connected to N-side and the negative terminal to p-side of the p-n junction. The majority carriers are pulled away from the junction and the depletion region becomes thick. The resistance becomes high when reverse biased and so there is no conduction across the junction due to majority carriers. The minority carriers however cross the junction and they constitute a current that flows in the opposite direction. This is the reverse current. 

The V-I characteristics of a p-n junction diode
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2. P-N Junction Rectifier

Rectifier is a device which is used for converting alternating current/voltage into direct current /voltage. 

Half wave rectifier
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The A-C to be rectified is connected to the primary P1P2 of a step down transformer. S1S2 are the secondary coil of the transformer, which are connected to diode and load resistance R as shown. The output is taken across the resistance R. During the positive half cycle on account of induction, S1 is +ve and S2 is -ve. It forward biases the junction diode and hence a current flows in direction shown. We therefore get output across load resistance. During the negative half cycle S1 is negative and S2 is positive. The pn junction is reverse biased. It offers high resistance and hence there is no flow of current due to majority charge carriers and thus there is no output across load. In the output only one half of the wave is present and the other half is missing. 

It is also called as average voltage, it is less than Vm always since out put of half wave is not a pure DC it is pulsating DC. Therefore the component of ripple is calculated by ripple factors it is denoted by gamma.
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P-N junction diode as full wave rectifier
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For full wave rectification, we use two PN junctions. During the positive half of the input A-C (fig), the upper PN junction diode i.e., D1 is forward biased and D2 is reverse biased. The current flows in circuit due to majority charge carriers of D1 in the direction shown. During the negative half cycle, the diode D1 is reverse biased and D2 is forward biased. The current flows in the circuit due to majority charge carriers of D2 in the direction shown. The output signal voltage is unidirectional and current flows through the load resistance R during both the halves.

4. Photodiode

Photodiode is essentially a P-N junction which works on the basis of electric conduction from light. When light falls on such diodes and if the wavelength of the light is such that the energy of the photon is sufficient to break a valence bond, a new hole - electron pairs are created. This increases the number of charge carriers and hence the conductivity increases.                                                                         
This increases the current in the circuits. The junction diode is made of photo - sensitive semiconductor material. It works in reverse bias condition but the applied potential is less than break down voltage when the intensity of light increases, the current also increases and attains saturation. These photodiodes are used in computers and in films

5. LED
LED are light emitting diodes. It works in just the opposite way a photo diode works. Photodiodes receive light and hence conducts differently. But LEDs emit light using electric current. It is again a P-N junction made of gallium - arsenate or indium phosphate. While a photodiode works under reverse bias condition, LEDs work under forward bias condition. When a conduction electron makes a transition to valence band to fill up a hole in a PN junction, the extra energy is emitted as a photon. If the wavelength of the emitted photon happens to lie in the visible part of the electromagnetic spectrum, we can see the emitted light. LED's are used as indicator light in burglar alarms, calculators, digital watches etc.

6. Solar cell

Junction diodes are of many types and solar cells are one such. Its working is based on production of potential difference by sunlight. In other words, it is a junction diode that can convert light energy into electrical energy. In such a junction one of them either P or N is made thin so that energy is not absorbed much before reaching the junction. The thin region in such a junction is called emitter and the other region is called the base. These cells are used for charging storage batteries in day time. These are also used in artificial satellites. Its main use is for generating electrical energy in cooking food. 
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7. Zener Diode

When we studied about the diode characteristics, it was found that under reverse bias, there is a small amount of current due to the drifting of the minority charge carriers. But as the reverse potential is increased beyond a level, suddenly the current increase, which is called as 'breakdown' and the corresponding voltage, is called as breakdown voltage. Here zener diode is a device which operates on the reverse bias breakdown voltage.
When a reverse bias is given it hinders diffusion but it aids drifting. So the minority carriers namely electrons in 'P' type and holes in n-type get accelerated and they attain very high kinetic energy. These highly energetic charge carriers collide with valence electrons breaking their bond creating hole - electron pair, this is called as 'avalanche breakdown'. The high electric field inside the semiconductor may also break the valence bonds this is called as 'zener breakdown'. A diode operating in this type of zener breakdown is called as a zener diode. The zener diode can be used as a voltage regulator.
8. The Junction Transistor 
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	A bipolar junction transistor consists of three regions of doped semiconductors. A small current in the center or base region can be used to control a larger current flowing between the end regions (emitter and collector). The device can be characterized as a current amplifier, having many applications for amplification and switching.


9. Transistor Construction

There are basically three possible ways to connect a Transistor within an electronic circuit with each method of connection responding differently to its input signal as the static characteristics of the transistor vary with each circuit arrangement.

1. Common Base Configuration   -   has Voltage Gain but no Current Gain. 

  

2. Common Emitter Configuration   -   has both Current and Voltage Gain. 

  

3. Common Collector Configuration   -   has Current Gain but no Voltage Gain. 

The Common Base Configuration.

As its name suggests, in the Common Base or Grounded Base configuration, the BASE connection is common to both the input signal AND the output signal with the input signal being applied between the base and the emitter terminals. The corresponding output signal is taken from between the base and the collector terminals as shown with the base terminal grounded or connected to a fixed reference voltage point. The input current flowing into the emitter is quite large as its the sum of both the base current and collector current respectively therefore, the collector current output is less than the emitter current input resulting in a Current Gain for this type of circuit of less than "1", or in other words it "Attenuates" the signal.

The Common Base Amplifier Circuit
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Common Base Voltage Gain

	[image: image209.png]





The Common Base circuit is generally only used in single stage amplifier circuits such as microphone pre-amplifier or RF radio amplifiers due to its very good high frequency response.
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The Common Emitter Configuration.

In the Common Emitter or Grounded Emitter configuration, the input signal is applied between the base, while the output is taken from between the collector and the emitter as shown. This type of configuration is the most commonly used circuit for transistor based amplifiers and which represents the "normal" method of connection. The common emitter amplifier configuration produces the highest voltage, current and power gain of all the three bipolar transistor configurations. This is mainly because the input impedance is LOW as it is connected to a forward-biased junction, while the output impedance is HIGH as it is taken from a reverse-biased junction.

The Common Emitter Amplifier Circuit
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In this type of configuration, the current flowing out of the transistor must be equal to the currents flowing into the transistor as the emitter current is given as Ie = Ic + Ib. Also, as the load resistance (RL) is connected in series with the collector, the Current gain of the Common Emitter Transistor Amplifier is quite large as it is the ratio of Ic/Ib and is given the symbol of Beta, (β). Since the relationship between these three currents is determined by the transistor itself, any small change in the base current will result in a large change in the collector current. Then, small changes in base current will thus control the current in the Emitter/Collector circuit.

By combining the expressions for both Alpha, α and Beta, β the mathematical relationship between these parameters and therefore the current gain of the amplifier can be given as:
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Where: "Ic" is the current flowing into the collector terminal, "Ib" is the current flowing into the base terminal and "Ie" is the current flowing out of the emitter terminal.

Then to summarize, this type of bipolar transistor configuration has greater input impedance, Current gain and Power gain than that of the common base configuration but its Voltage gain is much lower. The common emitter is an inverting amplifier circuit resulting in the output signal being 180o out of phase with the input voltage signal.

The Common Collector Configuration.

In the Common Collector or Grounded Collector configuration, the collector is now common and the input signal is connected to the base, while the output is taken from the emitter load as shown. This type of configuration is commonly known as a Voltage Follower or Emitter Follower circuit. The emitter follower configuration is very useful for impedance matching applications because of the very high input impedance, in the region of hundreds of thousands of Ohms, and it has relatively low output impedance. 

The Common Collector Amplifier Circuit
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The common emitter configuration has a current gain equal to the β value of the transistor itself. In the common collector configuration the load resistance is situated in series with the emitter so its current is equal to that of the emitter current. As the emitter current is the combination of the collector AND base currents combined, the load resistance in this type of amplifier configuration also has both the collector current and the input current of the base flowing through it. Then the current gain of the circuit is given as:
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This type of bipolar transistor configuration is a non-inverting amplifier circuit in that the signal voltages of Vin and Vout are "In-Phase". It has a voltage gain that is always less than "1" (unity). The load resistance of the common collector amplifier configuration receives both the base and collector currents giving a large current gain (as with the Common Emitter configuration) therefore, providing good current amplification with very little voltage gain.

10. THE BASIC OSCILLATOR 

An oscillator can be thought of as an amplifier that provides itself (through feedback) with an input signal. By definition, it is a nonrotating device for producing alternating current, the output frequency of which is determined by the characteristics of the device. The primary purpose of an oscillator is to generate a given waveform at a constant peak amplitude and specific frequency and to maintain this waveform within certain limits of amplitude and frequency. 

An oscillator must provide amplification. Amplification of signal power occurs from input to output. In an oscillator, a portion of the output is fed back to sustain the input, as shown in figure 2-1.Enough power must be fed back to the input circuit for the oscillator to drive itself as does a signal generator. To cause the oscillator to be self-driven, the feedback signal must also be REGENERATIVE (positive). Regenerative signals must have enough power to compensate for circuit losses and to maintain oscillations. 

Figure - Basic oscillator block diagram.
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VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1 MARK EACH)

1. What is the value of potential barrier of p-n junction diode?                                                                                                         Ans.  0.7 V.
2. Define transconductance of a transistor.                                                                                               Ans.  It is defined as the ratio of change in collector current to the change in base-emitter current.
3. How does the width of the depletion layer of a p-n junction diode change with decrease in reverse bias?                                                                                                                                 Ans.  The width of depletion layer of a p-n junction decreases with the decrease in reverse bias.
4. In a transistor, the value of α = 0.9, find the value of β.                                                             Ans.  Since β = α / (1 - α ), therefore, β =0.9/ (1 – 0.9) = 9
5. In a transistor, the value of β is 100, find the value of α.                                                            Ans.  Since β = α / (1 - α) or α = β /( β +1), therefore, α = 100/101 = 0.99.
6. What is the direction of diffusion current in a junction diode?                                            Ans.  In junction diode, the direction of diffusion current is from P-region to N-region.
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9(c). Logic Gates

There are digital circuits which either allow a signal to pass through or stop it. The circuits other wise called as gate allows the signal to pass only when some logical condition are satisfied. Under such condition the circuits are called logic gates. They are building blocks of any digital system. The basic logic gates are: 

1. OR gate

2. AND gate and 

3. NOT gate

Truth table is a table that shows all possible input combination and the corresponding output combination for a logic gate. 

The Boolean algebra '+' or addition symbol is referred to as OR operation.

i.e. A + B (Read A or B) 

The symbol '.' or multiplication symbol is referred to as AND operation.

i.e. A.B (Read A AND B) 

The symbol (-) above the input i.e. 
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denotes negation or invesion.. 

Realisation of an OR gate using diodes
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1. When both A and B are earthed (i.e. connected to low input 0), both the diodes do not conduct and no voltage develops across R. Therefore the voltage at C is zero with respect to earth. Hence the output Y is 0 (in levels).

2. When A = 0 and B = 1 (i.e., connected to positive terminal), the diode D2 conducts but D1 does not. Since D2 is ideal, no voltage drop takes place across D2 and a full voltage drop of 5V takes place across R at C, +5V with respect to earth. Therefore Y is 1 (in level). 

3. When A = 1 and B = 0, D1 conducts but D2 does not. For the same reason as stated above the output Y is 1 (in level).

4. When A = 1 and B = 1, both diodes conducts since the diodes are ideal and connected in parallel, the voltage drop across R cannot exceed 5V, with C at +5V with respect to earth. Hence the output Y will be 1 (in level). 

The truth table of OR gate

	A
	B
	C

	0
	0
	0

	0
	1
	1

	1
	0
	1

	1
	1
	1


 

The AND gate
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1. When A = 0 and B = 0 both diode D1 and D2 get forward biased and hence conduct. The diodes being ideal, no voltage drop takes place across either diode. Therefore potential difference of 5V takes place across R, with C at zero potential with respect to earth. Thus the output Y is 0 (in level).

2. When A = 0, B = 1, D1 conducts diode D2 will not. Since D1 is ideal, no voltage drop occurs. Therefore a voltage drop of 5V takes place across R, having D at +5V and C at zero with respect to earth. The output is 0 (in levels).

3. When A = 1, B = 0 for same reason, output is 0.
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When A = 1, B = 1 none of diodes conduct and so no current flows through R. The potential at C is equal to potential at D which is +5V with respect to earth. Hence output Y is 1.

	A
	B
	Y

	0
	0
	0

	0
	1
	0

	1
	0
	0

	1
	1
	1


 

The NOT gate

[image: image221.jpg]


                                   [image: image222.jpg]



(i) When A = 0, the base of transistor also get earthed. Now emitter base function is not forward biased but base-collector function is reverse biased. As the emitter current is zero, the base current is also zero and hence the collector current will also be zero. Hence the output Y is 1 (in level).

(ii) When A = 1, the emitter base function gets forward biased. There will be emitter current, base current and collector current. The value of Rb and Rc can be adjusted so that large Ic can flow. The potential difference across Rc due to forward biasing of emitter is just 5V equal and opposite to the potential difference across Rc due to battery in collector circuit. Therefore the output is 0 (in level). 
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NOT gate is realised by transistor when A input is zero (grounded) so base is grounded. 

All the voltage drops across collector and emitter, so we will get high output.

When A is given +5 voltage Base current increases consequentially collector current increases in common emitter configuration. Therefore voltage drop across Rc increase but voltage drop collects and emitter is zero, so output is zero. 

Even giving high input at A out put is zero.

Combination of gates

NAND Gate
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If the output of an AND gate is connected to the input of NOT gate then the logic gate is called NAND gate 
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NOR gate
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If output of OR gate is connected to input of NOT gate, then the logic gate is called NOR gate 

Truth table
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VERY SHORT ANSWER TYPE QUESTIONS (CARRYING 1 MARK EACH)

1. What is logic gate?                                                                                                                     Ans.  A digital circuit which either allows a signal to pass through or stops it, when some logical conditions are satisfied, is called logic gate.
2. Why logic gate is so called?                                                                                                    Ans.  Because a logic gate follows a certain logical relationship between input and output voltage.
3. Name the type in which the electronic circuits have been classified.                                       Ans.  (a) Analogue circuits (b) Digital circuits
4. What is the difference between analogue and digital circuits?                                                   Ans.  Analogue circuit deals with any type of electronic pulses whereas digital circuit deals with square type voltage variation.
5. What is integrated circuit?                                                                                                          Ans.  Integrated circuit is that circuit in which circuit components such as resistors, capacitors, diodes and transistors, etc., are automatically parts of a small semiconductor chip.
10(a)ANALOG AND DIGITAL COMMUNICATION

IMPORTANT CONCEPTS
1. Elements of communication 

· The elements of communication are 

· The senders, the messages and the recipients 

· So, what is "communication"? 

· The way the sender packages the information 

· Sends it 

· And the receiver unpacks it 

· Hence, communication is 

· The exchange of information 

· So that the recipient understands 

· What the sender intends

2. Communication Styles

Messages 

· I.e. the information being communicated 

· Can be delivered in several forms and styles 

· Formal or informal 

· Qualitative or statistical 

· As research documentation 

· As a matter of historic record 

· Informative 

· Persuasive 

· Integrative
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3. Mechanics of communication - 1

· Packaging or encoding 

· It is the sender's responsibility 

· To assemble the information 

· In a format that the recipient can understand 

· Both clear and concise 

· And without unnecessary jargon! 

· The encoding 

· May take several forms 

· Oral, written, textural, numerical, graphic, body language, paper, electronic, physical, etc 

· All ready for transmission 

4. Mechanics of communication - 2

The transmitting 

· Is how the information gets to the recipient 

· And may also take many forms 

· Sound waves: direct verbal 

· Electronic: telephone, Email, Internet, 

· Air waves: cell phones, TV 

· It is the sender's responsibility 

· To see that the message arrives 

· And to verify that the recipient understands it 

5. Mechanics of communication - 3

The decoding 

· Is what the recipient does with the transmission 

· Once they get it 

· Note: In many forms of transmission 

· It is up to the receiver to go and retrieve the message 

· As with Email 

· The recipient must do the decoding 

· And has the responsibility 

· To do it correctly 

· And check with the sender if it doesn't make sense 

· What the recipient does with the information 

· Is another matter!

6. Modulation

Modulation is the process of varying one waveform in relation to another waveform. In telecommunications, modulation is used to convey a message, or a musician may modulate the tone from a musical instrument by varying its volume, timing and pitch. Often a high-frequency sinusoid waveform is used as carrier signal to convey a lower frequency signal.
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 The three key parameters of a sine wave are its amplitude ("volume"), its phase ("timing") and its frequency ("pitch"), all of which can be modified in accordance with a low frequency information signal to obtain the modulated signal.

A device that performs modulation is known as a modulator and a device that performs the inverse operation of modulation is known as a demodulator (sometimes detector or demod). A device that can do both operations is a modem (short for "Modulator-Demodulator").

7. Bandwidth (signal processing)

Bandwidth is a key concept in many telephony applications. In radio communications, for example, bandwidth is the range of frequencies occupied by a modulated carrier wave, whereas in optics it is the width of an individual spectral line or the entire spectral range.

7.1 Analog 
[image: image230.wmf]

Bandwidth is the width, usually measured in hertz, of a frequency band f2 - f1. It can also be used to describe a signal, in which case the meaning is the width of the smallest [image: image231.wmf]

frequency band within which the signal can fit. 

It is usually notated B, W, or BW. The fact that real baseband systems have both negative and positive frequencies can lead to confusion about bandwidth, since they are sometimes referred to only by the positive half, and one will occasionally see expressions such as B = 2W, where B is the total [image: image232.wmf]

bandwidth, and W is the positive [image: image233.wmf]

bandwidth. For instance, this signal would require a low pass filter with cutoff [image: image234.wmf]

frequency of at least W to stay intact. 

The [image: image235.wmf]

bandwidth of an electronic filter is the part of the filter's [image: image236.wmf]

frequency response that lies within 3 dB compared to the center frequency of its peak. 

In signal processing and control theory, the [image: image237.wmf]

bandwidth is the [image: image238.wmf]

frequency at which the closed-loop system gain drops to -3 dB. 

7.2 Digital 
By extension from the above, the word [image: image239.wmf]

bandwidth is also used to mean the amount of data that can be transferred through a digital connection in a given time period (i.e., the connection's bit rateIn telecommunications and computing, bit rate (sometimes written bitrate) is the [image: image240.wmf]

frequency at which bits are passing a given (physical or metaphorical) "point". It is quantified using the bit per second bit/s unit. While often referred to as "speed", b). In such cases, [image: image241.wmf]

bandwidth is usually measured in bitThis article is about the unit of information; see Bit (disambiguation) for other meanings. A bit (abbreviated b is the most basic information unit used in computing and information theory. A single bit (short for b inary dig it is a zero or a one, or a ts or byteThis article refers to the unit of binary information. Byte was also the name of a popular computer industry magazine, see Byte magazine. A byte is commonly used as a unit of storage measurement in computers, regardless of the type of data being stored per second. 

In the physical world, [image: image242.wmf]

a digital signal must be represented in an analog form for actual transmission. This can be a complex process. First the bit pattern must undergo a suitable form of channel codingin digital telecommunications, channel coding is a pre-transmission mapping applied to [image: image243.wmf]

a digital signal or data file, usually designed to make error-correction possible. Error correction is implemented by using more digits ( bits in case of a binary chain, appropriate to the expected noiseIn general usage, noise can be considered data without meaning; that is, data that is not being used to transmit a signal, but is simply produced as an unwanted by-product of other activities. Noise is still considered information, in the sense of Informal level of the analog channel. Then it must be transformed into an analog waveform using line codingin telecommunication, a line code is a code chosen for use within a communications system for transmission purposes. For digital data transport line coding is often used. Line coding consists of representing the digital signal to be transported, by an amp, and modulated onto a carrier
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Class – XII
Subject – Physics    

NCERT Chapter 1, 2, 3, 4 and 5 

General Instructions:

(i) All questions are compulsory.

(ii) Question numbers 1 to 8 are very short answer type questions, carrying one mark each.

(iii) Question numbers 9 to 18 are short answer type questions, carrying two marks each.

(iv) Question numbers 19 to 27 are also short answer type questions, carrying three marks each.

(v) Question numbers 28 to 30 are long answer type questions, carrying five marks each.

(vi) Use of calculators is not permitted. However, you may use log tables, if necessary.

Q.1> In a hydrogen atom, an electron revolves around a proton. Which of these two exerts a greater electrostatic force on the other?

Q.2> What is the force experienced by a positively charges particle Q moving at right angles to a uniform electric field E. 

Q.3> What is the order of voltages that can be built up using a Van De Graff generator?

Q.4> What is the angle b/w Electric field and Dipole moment at an axial point?

Q.5> Define gyromagnetic ratio. What is its value?

Q.6> State the condition in which terminal voltage across a secondary cell is equal to its emf.

Q.7> The dielectric strength of air is 3 x 106 V/m. What is the maximum charge that can be safely stored on a sphere of radius 10m?

Q.8> Name two types of commercially available resistors. 

Q.9> On the same graph plot the variation of E versus R and V versus R for a point charge.

Q.10> Define mobility and mention its SI unit

Q.11> Two resistors are connected in parallel b/w A and B to give a net resistance of 2 ohms. When one of these resistors is broken, the net resistance becomes a 3 ohms. What is the resistance of the resistor that was broken?

Q.12> Using a suitable graph, explain why nichrome is used in standard resistance coils.

Q.13> A velocity selector is to be designed for particles of velocity 10m/s. What magnetic field should be employed if the electric field in it is 100 N/C

Q.14> Explain why a potentiometer is preferred over a voltmeter for measuring potential differences.

Q.15> An alpha particle and a proton accelerated by the same potential difference enter into a magnetic field. Find the ratio of their radius and the ratio of their frequency.

Q.16> In a meter bridge experiment with a fixed resistor of 10 ohm, the balance length is found to be 75cm. What resistance should be added in series with this fixed resistor so as to bring the null point in the center of the wire.

Q.17> The resistivity of a metal X is 3.2 x 10-8 while the free electron density is 5 x 1028 m-3. Find the drift velocity of electrons if a potential gradient of 1 Vm-1 is applied across X.

Q.18> What type of materials are used for making


(a) Permanent magnets (b) Transformer cores.

Give two line reasons for each

Q.19> In the circuit diagram, what is the reading of the voltmeter?

(b) What resistance should be connected in series with the R = 6 ohm resistor so that the voltmeter reading become zero?
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Q.20> Show that the far field of a solenoid resembles that of a bar magnet. Hence define the magnetic moment of a solenoid.

Q.21> A long cylinder of radius Ro is carrying a current Io, which is uniformly distributed over its cross section. Derive an expression for the magnitude of magnetic field inside as well as outside the wire. Plot a curve to show the variation of magnetic field with radial distance.

Q.22> A and B are two concentric hollow metallic shells of radius RA and RB. A is given a charge QA while B is given a charge QB. Find the electric potential at a distance R from the center such that


(a) R < RA

(b) RA < R < RB

(c) R > RB
Q.23> Derive an expression for the torque acting on a current carrying loop placed in a uniform magnetic field. Hence define the magnetic moment of a current carrying loop.

Q.24> Use Kirchhoff’s laws to deduce the condition of a balanced Wheatstone bridge.
Q.25> Explain mathematically, why the resistance of metals increases while that of semiconductor decreases with the rise in temperature. Plot Resistance versus Temperature for Cu and for Silicon.

Q.26> Three charges Q , Q and – Q are placed on the vertices of an equilateral triangle of side L. Find the net force experienced by the charge Q and the net force experienced by the charge – Q. 

Q.27> Cell A has an emf EA and internal resistance rA while cell B has emf EB and internal resistance rB. Derive an expression for the equivalent emf and internal resistance

Q.28> Using a labeled diagram explain the construction and working of a moving coil galvanometer. Define its current and voltage sensitivity and explain how they can be increased.

(b) A galvanometer with a coil resistance of 5 ohm can tolerate a maximum current of 10mA. Explain how this can be converted into an ammeter of range 1A.
Q.29> There are a total of N cells each of emf E and internal resistance r. They are connected in the form of a 2 dimensional array of “n” rows each having equal number of cells. (a) What is the maximum current that can be obtained from this combination. 

(b) This array is connected to an external resistor R. Derive an expression for the current flowing through R. For what value of R is this current maximum.

Q.30> Derive the value of potential due to an electric dipole at a point r distance away at an angle θ. On same graph show the variation of potential with distance for a point charge and for a dipole.

10(b) SPACE COMMUNICATION
IMPORTANT CONCEPTS

1. Electromagnetic radiation
Electromagnetic radiation (sometimes abbreviated EMR) is a ubiquitous phenomenon that takes the form of self-propagating waves in a vacuum or in matter. It consists of electric and magnetic field components which oscillate in phase perpendicular to each other and perpendicular to the direction of energy propagation. Electromagnetic radiation is classified into several types according to the frequency of its wave; these types include (in order of increasing frequency and decreasing wavelength): radio waves, microwaves, terahertz radiation, infrared radiation, visible light, ultraviolet radiation, X-rays and gamma rays. A small and somewhat variable window of frequencies is sensed by the eyes of various organisms; this is what we call the visible spectrum, or light.

EM radiation carries energy and momentum that may be imparted to matter with which it interacts.
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2. Sky Wave 

The sky wave, often called the ionospheric wave, is radiated in an upward direction and returned to Earth at some distant location because of refraction from the ionosphere. This form of propagation is relatively unaffected by the Earth's surface and can propagate signals over great distances. Usually the high frequency (hf) band is used for sky wave propagation. The following in-depth study of the ionosphere and its effect on sky waves will help you to better understand the nature of sky wave propagation. 

3. STRUCTURE OF THE IONOSPHERE 

As we stated earlier, the ionosphere is the region of the atmosphere that extends from about 30 miles above the surface of the Earth to about 250 miles. It is appropriately named the ionosphere because it consists of several layers of electrically charged gas atoms called ions. The ions are formed by a process called ionization. 

4. Ionization 

Ionization occurs when high energy ultraviolet light waves from the sun enter the ionospheric region of the atmosphere, strike a gas atom, and literally knock an electron free from its parent atom. A normal atom is electrically neutral since it contains both a positive proton in its nucleus and a negative orbiting electron. When the negative electron is knocked free from the atom, the atom becomes positively charged (called a positive ion) and remains in space along with the free electron, which is negatively charged. This process of upsetting electrical neutrality is known as IONIZATION.

5. Space waves 

Space waves travel in (more or less) straight lines. But they depend on line-of-sight conditions. So, they are limited in their propagation by the curvature of the Earth, except in very unusual circumstances. Thus, they propagate very much like electromagnetic waves in free space. Such a mode of behavior is forced on them because their wavelengths are too short for reflection from the ionosphere, and because the ground wave disappears very close to the transmitter, owing to tilt.
Sample Paper – 2010

Class – XII

Subject – Physics    
GENERAL INSTRUCTIONS

All questions are compulsory.

There are 30 questions in total. Questions 1 to 8 carry one mark each questions 9 to 18 carry two marks each, questions 19 to 27 carry three marks each and questions 28 to 30 carry five marks each.

There is no overall choice. However, an internal choice has been provided in one question of two marks, one question of three marks and all three questions of five marks each. You have attempt only one of the given choice in such questions.

Use of calculators is not permitted.

You may use the following physical constants wherever necessary.

 
C=3x108m/sec, h=6.6x10-34  J.sec, e=1.6x10-19C

(o = 4 ( x 10-7 M/A, Boltzmann’s constant K= 1.38 x 10-23 J/K  Avagadro’s number  NA = 1.6 x 10-27 Kg.

Q.1.
Name the phenomenon responsible for the reddish appearance of the sun at sunrise and sunset. 

Q.2.
consider the circuit shown here where APB and AQB are semicircles. What will be

             the magnetic field at the centre C of the circular loops
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Q.3.    Name the electromagnetic radiations to which the following wavelengths belongs                       

(a) 10-2m 
(b) 1A0 

Q.4.
How are n-P-n and P-n-P transistors represented symbolically in a circuit? 

Q.5.
What is a hole?

Q.6.
Write any one equation representing nuclear fusion reaction?

Q.7.
The instantaneous current flowing from an a.c. source is I=5 sin 314t. What is the rms. value of current?

Q.8.
Name the S.I. Unit of (i) magnetic flux (ii) Magnetic-induction. 

Q.9.
Explain briefly how an amplitude modulated wave is produced?

Q.10.
The work function for a certain metal is 4.2 ev. Will this metal give photoelectric emission for incident radiation of wavelength 330 nm?

Q.11.
For photoelectric effect in sodium, fig below shows the plot of cut-off voltage versus frequency of incident radiation calculate :- 


(i)
the threshold frequency  and 

(ii)
the work-function for sodium. 





Q.12.
In a telescope, the objective has a large aperture while the eyepiece has a small aperture. Why?

Q.13.
An electron and a proton have same kinetic energy. Which of the two has a greater de-broglie wavelength? Explain. 

Q.14.
A system has two charges q1=2.5x10-7 C and q2=-2.5x10-7 C located at points A (0,0,-15cm) and B(0,0,+15cm) respectively what are the total charge and electric dipolemoment of the system?

Q.15.
Free electrons in a conductor are not at rest. How can you explain the absence of electric current without potential difference across its ends?

Q.16.
Define the term resistivity and write its S.I. unit. Derive the expression for the resistivity of a conductor in terms of number density of free electrons and relaxation time. 

Q.17.
Steel is preferred for making permanent magnets where as soft iron is preffered for making electromagnets. Give two reasons. 

 






OR


A Galvanometer coil has a resistance of 15 ohm and the metre shows full scale deflection for a current of 4mA. How will you convert the metre into an ammeter of range 0 to 6A? 

Q.18.
Write the order of frequency range and one use of each of the following electromagnetic radiations:- 


(i)
Microwaves

(ii)
Ultraviolet rays. 

Q.19.
Two convex lenses A and B of an astronomical telescope having focal lengths 5 cm. and 20cm. respectively, are arranged as shown in fig below:- 





Which one of the two lenses you will select to use as an objective lens and why?

What should be the change in the distance between the lenses to have the telescope in its normal adjustment position?


Calculate the magnifying power of the telescope in the normal adjustment position. 

Q.20.
Derive the expression for the fringe width in young’s double slit experiment.

Q.21.
A neutron is absorbed by a 3Li6 nucleus with the subsequent emission of an alpha particle. (i) Write the corresponding nuclear reaction. (ii) Calculate the energy released, in MeV, in this reaction. Given M4=6.015126u, Mn=1.0086654u, M(=4.0026044, Mt = 3.01000004, Take 1 amu = 931 MeV. 

Q.22.
Distinguish between frequency modulation and amplitude modulation. Why is an FM signal less susceptible to noise than an AM Signal? 

Q.23.
State Lenz’s law. Show that Lenz’s law is in accordance with the law of conservation of energy.

Q.24.
Show mathematically that the potential on the equatorial line of an electric depole is zero. 

 






OR                                                                                          

What is an equipotential surface? Show that no work is done in moving a test charge from one point to another over an equipotential surface. 

Q.25.
An a.c. voltage of 100v, 50 HZ is connected across a 20 ohm resistor and 2mH inductor in series. Calculate (i) Impedance of the circuit and (ii) rms current in the circuit. 

Q.26.
Explain how the resistivity of a conductor depends upon (i) number density ‘n’ of free electrons and (ii) relaxation time ‘(’
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Q.27.
Derive an expression for the energy stored in a parallel plate capacitor ‘C’ charged to a potential difference V. 

Q.28.
(a)
Distinguish between metals, Insulators and semiconductors on the basis of 

their energy bands. 

Why are photodiodes used preferably in reverse bias condition? A photodiode is fabricated with band gap of 2.8 ev. Can it defect a wavelength of 6000 nm? Justify. 

 





OR

Q
(a)
Explain briefly, with the help of circuit diagram, how V-I characteristics of a 

P-n junction diode is obtained. In (i) Forward bias and (ii) reverse bias. Draw the shape of the curves obtained. 

 
A Semi conductor has equal electron and hole concentration of 6x108m3. On    

            doping with certain impurity, electron concentration increases to 9 x 1012 m-3
Identify the new semiconductor obtained after doping. 

Calculate the new hole concentration. 

Q.29.
Explain with the help of a labelled  diagram the underlying principle, construction and 

working of a moving coil galvanometer. 

 





OR

Q
(a)
Using ampere’s circuital law, derive an expression for the magnetic field along 

the axis of a toroidal solenoid. 

(b)
A long straight wire AB carries a current of 4 A.  A  proton travels at 4x1016 

m/sec parallel to the write 0.2 m from it and in a direction opposite to the current. Calculate the force which the magnetic field of the current exerts on the proton. Also specify the direction of force. 

Q.30. 
Define the term wave front. Draw the wave front and corresponding rays in the case of 

a (i) diverging spherical wave 

(ii) Plane wave 

Using Huygen’s construction of a wave front, explain the refraction of a plane wave front at a plane surface and hence verify snell’s law. 






OR

Q
Derive the relation between the focal length of a convex lens in terms of the radii of curvature of the two surfaces and refractive index of its material. Write the sign conventions and two assumptions used in the derivation of this relation. 
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